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(54) SULFONYL DERIVATIVES 

(57) Described is a sulfonyl derivative represented by the following formula (I): 




(I) 



i— [wherein R 1 represents a hydrogen atom, a hydroxyl group, a nitro group or the like, R 2 and R 3 each independently rep- 

<^ resents a hydrogen atom, a halogen atom or the like, R 4 and R 5 each independently represents a hydrogen atom, a 

^ halogen atom or the like. Q 1 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which 

CO may be substituted, or the like, Q 2 represents a single bond, an oxygen atom or the like, Q 3 represents any one of the 

^ following groups: 

CO 



Q. 
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(<W>°)> 

T 1 represents a carbonyl group or the like, and X 1 and X 2 each independently represents a methine group or a nitrogen 
atom]; or salt thereof; or solvate thereof. Hie sulfonyl derivative, salt or solvate according to the present invention is 
novel as an excellent anticoagulant and it has strong FXa inhibitory action, rapidly exhibits sufficient and long-lasting 
anti-thrombus effects after oral administration and has less side effects. 
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Descripti n 

Technical Field 

5 [0001 ] The present invention relates to a novel, orally-admintstrabte sulfonyt derivative or salt thereof which inhibits 
an activated coagulation factor (which will hereinafter be abbreviated as "FXa"), thereby exhibiting strong anticoagulant 
action; and a coagulation suppressor or preventive and/or remedy for thrombosis or embolism which comprises the 
derivative or salt as an effective ingredient. 

10 B a ck ground Art 

[0002] Exasperation of coagulation capacity is an important factor for unstable angina, cerebral infarction, cerebral 
embolism, myocardial infarction, pulmonary infarction, pulmonary embolism, Buerger's disease, deep vein thrombosis, 
disseminated intravascular coagulation syndrome, thrombus formation after valve replacement, reocclusion after revas- 
is cularization or formation of thrombus upon extracorporeal circulation. There is accordingly a demand for an excellent 
anticoagulant which is excellent in dose-responsiveness, has long-lasting effects, has a low risk of hemorrhage, has 
less side effects and exhibits rapid and sufficient effects even by oral administration (Thrombosis Research, 68, 507- 
512, 1992). 

[0003] Studies on anticoagulants based on various acting mechanisms suggest that a FXa inhibitor has a possibil- 
20 ity of becoming an excellent anticoagulant. Hie coagulation system is a series of reactions wherein a large amount of 
a thrombus is produced through an amplification step due to a multi-stage enzymatic reaction and induces the forma- 
tion of insoluble f forin. In the intrinsic system, after the multi-stage reaction following the activation of a contact factor, 
activated Factor IX activates factor X on a phospholipid membrane in the presence of activated Factor VIII and a cal- 
cium ion, while in the extrinsic system, activated Factor VII activates Factor X in the presence of a tissue factor. In other 
25 words, the activation of Factor X into FXa in the coagulation system is an essential reaction in the formation of thrombin. 
Activated Factor X (FXa) in each system carries out limited proteolysis of prothrombin, thereby forming thrombin. The 
resulting thrombin activates the coagulation factors on the upstream side, whereby the formation of thrombin is ampli- 
fied further. As described above, the coagulation system upstream of FXa is separated into intrinsic and extrinsic sys- 
tems so that the inhibition of the enzyme of the coagulation system upstream of FXa does not suppress the production 
30 of FXa sufficiently, inevitably resulting in the production of thrombin. Furthermore, the coagulation occurs as a self- 
amplifying reaction so that the suppression of the coagulation system can be accomplished more efficiently by the inhi- 
bition of FXa which exists upstream of the thrombin than by the inhibition of the thrombin formed (Thrombosis 
Research, 15, 617-629 (1979)). 

[0004] Another merit of the FXa inhibitor is that an effective dose in a thrombus model is largely different from the 
35 dose for extending the bleeding time in an experimental hemorrhage model. From the experimental result, the FXa 
inhibitor is presumed to be an anticoagulant with a low risk of hemorrhage. 

[0005] As a FXa inhibitor, various compounds are reported. In general, antithrombin III or antithrombin Ill-depend- 
ent penta-saccharide is known to have no inhibitory action against a prothrombinase complex which plays a practical 
role in the thrombus formation in vivo (Thrombosis Research, 68, 507-512(1992); Journal of Clinical Investigation, 71, 

40 1383-1389(1983); Mebio, August issue, 92-97) and moreover, it does not exhibit effectiveness in oral administration. 
Although tick anticoagulant peptide (TAP) (Science, 248, 593-596(1990)) or antistacin (AST) (Journal of Biological 
Chemistry, 263, 1 01 62-1 01 67(1 988)) isolated from a tick or leech which is a bloodsucker inhibits FXa and exhibits anti- 
thrombus effects on the models of from venous thrombus to arterial thrombus, it is not effective when orally adminis- 
tered because it is a high-molecular peptide. From such a viewpoint, a low-molecular FXa inhibitor which directly inhib- 

45 its a coagulation factor without depending on antithrombin III has been developed. 

[0006] An object of the present invention is to provide, as an excellent anticoagulant, a novel compound which has 
strong FXa inhibitory action, exhibits prompt, sufficient and long-lasting anti-thrombus effects even by the oral adminis- 
tration and has less side effects. 

so Disclosure of the Invention 

[0007] With the forgoing in view, the present inventors have carried out an extensive investigation on the synthesis 
of a novel FXa inhibitor and its pharmacological action. As a result, it has been found that a novel sulfonyl derivative, 
salt thereof or solvate thereof exhibits strong FXa inhibitory action and strong anticoagulant action, inhibits FXa 
55 strongly, promptly and continuously by the oral administration, exhibits anti-coagulant action and anti-thrombus action, 
is highly safe and is useful as a preventive or remedy for various diseases caused by a thrombus or embolus, thus lead- 
ing to completion of the present invention. 

[0008] The present invention provides a sulfonyl derivative represented by the following formula (I): 
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(I) 



[wherein: 



R 1 represents a hydrogen atom, a hydroxy! group, a nitro group, a cyano group, a halogen atom, an alky I group, a 
hydroxyalkyl group, an alkoxyl group, an alkoxyalkyl group, a carboxyl group, a carboxyalkyl group, an alkylcarbonyl 
group, an alkoxycarbonyl group, an alkoxycarbonylalkyt group, an alkylcarbonyloxy group or a group A 1 -B 1 - (in 
which A 1 represents an amino group which may have one or two substrtuerrts, a saturated or unsaturated 5- or 6- 
membered cyclic hydrocarbon group which may have a substrtuent or a saturated or unsaturated 5- or 6-membered 
heterocyclic group which may have a substrtuent and B 1 represents a single bond, a carbonyl group, an alkytene 
group, a carbonylalkyl group, a carbonylalkyloxy group or an alkylenecarbonyloxy group). 
Ft 2 and R 3 each independently represents a hydrogen atom, a halogen atom, an alkyl group, a hydroxyalkyl group 
or an alkoxyalkyl group or R 2 or R 3 may be coupled together with R 1 to form a alkylene or alkenylene group, 
R 4 and R 5 each independently represents a hydrogen atom, a hydroxy! group, a halogen atom, an alkyl group or 
an alkoxyl group (with the proviso that R 4 and R 5 do not represent a hydrogen atom at the same time), 
Q 1 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a substitu- 
ent, a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substrtuent or a saturated 
or unsaturated bicyclic or tricyclic fused ring group which may have a substrtuent, 

Q 2 represents a single bond, an oxygen atom, a sulfur atom, a linear or branched C^g alkytene group, a linear or 
branched C 2 . 6 alkenylene group, a linear or branched C2.6 alkynylene group, a group -N(R®)-CO- (in which R 6 rep- 
resents a hydrogen atom or an alkyl group), a group -N(R 7 )-(CH2) m -(in which R 7 represents a hydrogen atom or an 
alkyl group and m stands for an integer of 0 to 6) or a group of the following formula: 



(which represents a divalent, saturated or unsaturated 5-or 6-membered cyclic hydrocarbon group which may have 
a substrtuent, a divalent, saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substrt- 
uent or a divalent, saturated or unsaturated dicydic fused ring group which may have a substituent and <-C means 
the bonding of the carbon atom of this group to Q 1 ), 
Q 3 represents any one of the following groups: 
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10 



15 




(in which when the carbon atom to which each of R 8 . R 9 , R 10 , R 11 . R 12 , R 13 , R 15 and R 16 has been bonded is not 

adjacent to a nitrogen atom, R 8 , R 9 , R 10 , R 11 , R 12 , R 13 R 15 and R 16 each independently represents: 

a hydrogen atom, 
25 a hydroxyl group, 

an alkyl group, 

an alkoxyl group, 

an alkoxyalkyl group, 

an alkoxyalkyloxy group, 
30 a hyroxyalkyl group, 

a hydroxyalkyloxy group, 

a hydroxyalkylcarbonyl group, 

a hydroxyalkylsulfonyl group, 

a formyl group, 
35 a formylalkyi group, 

a formylalkylcarbonyl group, 

a formylalkylsulfonyl group, 

an alkylcarbonyl group, 

an alkylsutfonyl group, 
40 an afkylcarbonyfalkyl group, 

an alkyfsuKonytalkyl group, 

a carboxyt group, 

a carboxyalkyl group, 

a carboxyalkyloxy group, 
45 a carboxyalkylcarbonyi group, 

a carboxyalkylsulfonyl group, 

a carboxyalkylcarbonylalkyl group, 

a carboxyalkylsulfbnylalkyl group, 

an alkoxycarbonyl group, 
so an alkoxycarbonylalkyi group, 

an alkoxycarbonylalkyloxy group, 

an afkoxycarbonylalkylcarbonyl group, 

an alkoxycarbonylalkytsuifonyl group, 

an amino group which may have one or two substituents, 
55 an aminoalkyl group in which the amino moiety may have one or two substituents, 

an aminoalkyloxy group in which the amino moiety may have one r two substituents, 

an aminoalkylcarbonyl group in which the amino moiety may have one r two substituents, 

an aminoalkylcarbonylaxy group in which the amino moiety may have one or two substituents, 
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an aminocarbonyl group in which the amin m ietymayhav ne or two substrtuents, 

an aminocarbonylalkyl group in which the amino moiety may have ne or two substrtuents, 

an aminocarbonylalkyloxy group in which the amino moiety may have one or two substrtuents or 

a group A 2 -B 2 - (in which A 2 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group 

which may have a substrtuent or a saturated or unsaturated 5- or 6-membered heterocyclic group which may have 

a substrtuent and B 2 represents a single bond, a carbonyl group or an alkylene group), 

when the carbon atom to which each of R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , R 15 and R 16 has been bonded is adjacent to a 

nitrogen atom, R 8 R 9 , R 10 , R 11 . R 12 R 13 , R 15 and R 16 each independently represents: 

a hydrogen atom, 

an alkyl group, 

a hydroxyalkyl group, 

a hydroxyalkylcarbonyl group, 

a hydroxyalkylsulfonyl group, 

a formyl group, 

a formylalkyl group, 

a formylalkylcarbonyl group, 

a formylalkylsulfonyl group, 

an alkylcarbonyl group, 

an alkylsulfonyl group, 

an alkylcarbonylalkyl group, 

an alkylsulfonylalkyl group, 

a carboxyl group, 

a carboxyalkyl group, 

a carboxyalkylcarbonyl group, 

a carboxyalkylsulfonyt group, 

a carboxyalkylcarbonylalkyl group, 

a carboxyalkylsulfonylalkyl group, 

an alkoxyalkyl group, 

an alkoxycarbony) group, 

an alkoxycarbonylalkyl group, 

an alkoxycarbonylalkylcarbonyl group, 

an alkoxycarbonylalkylsulfonyl group, 

an aminoalkyl group in which the amino moiety may have one or two substituents, 
an aminoalkylcarbonyl group in which the amino moiety may have one or two substituents, 
an aminocarbonyl group in which the amino moiety may have one or two substituents, 
an aminocarbonylalkyl group in which the amino moiety may have one or two substituents or 
a group A 3 -B 3 - (in which A 3 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group 
which may have a substrtuent or a saturated or unsaturated 5- or 6-membered heterocyclic group which may have 
a substrtuent and B 3 represents a single bond, a carbonyl group or an alkylene group), 
R 8 and R 9 , R 10 and R 11 , R 12 and R 13 , and R 15 and R 16 may each be coupled together with a carbon atom which 
constitutes the ring and represent a saturated or unsaturated 5-to 7-membered cyclic hydrocarbon group which 
may have a substrtuent or a saturated or unsaturated 5- to 7-membered heterocyclic group which may have a sub- 
strtuent, 

R 14 and R 17 each independently represents: 

a hydrogen atom, 

an alkyl group, 

a hydroxyalkyl group, 

a hydroxyalkylcarbonyl group, 

a hydroxyalkylsulfonyl group, 

an alkoxyl group, 

an alkoxyalkyl group, 

an alkoxyalkylcarbonyl group, 

an alkoxyalkylsulfonyl group, 

a formyl group, 

a formylalkyl group, 

a formylalkylcarbonyl group, 

a formylalkylsulfonyl group, 

an alkylcarbonyl group, 
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an alkylcarbonylalkyl gr up, 

an alkylsutfonyl group, 

an alkylsurfonylalkyl group, 

a carboxyalkyi group, 
5 a carboxyalkylcarbonyl group, 

a carboxyalkytsulfonyl group, 

a carboxyalkylcarbonylalkyl group, 

a carboxyalkytsulfonylalkyl group, 

an alkoxycarbonyl group, 
10 an aikoxycarbonylalkyl group, 

an alkoxycarbonylalkylcarbonyl group, 

an alkoxycarbonylalkylsulfonyl group, 

an amino group which may have one or two substrtuents, 

an aminoalkyl group in which the amino moiety may have one or two substituents, 
is an aminoalkyloxy group in which the amino moiety may have one or two substituents, 

an aminoalkylcarbonyl group in which the amino moiety may have one or two substrtuents, 

an aminoalkyloxycarbony! group in which the amino moiety may have one or two substituents, 

an aminocarbonyl group in which the amino moiety may have one or two substituents, 

an aminocarbonylalkyl group in which the amino moiety may have one or two substrtuents, 
20 an aminocarbonyloxyalkyl group in which the amino moiety may have one or two substituents, 

R 14 and R 12 or R 13 may be coupled together with a carbon atom constituting the ring and a nitrogen atom to which 

R 14 has been bonded and represent a saturated or unsaturated 5-to 7-membered heterocyclic group which may 

have a substituent, 

R 17 and R 15 or R 16 may be coupled together with a carbon atom constituting the ring and a nitrogen atom to which 
25 R 17 has been bonded and represent a saturated or unsaturated 5-to 7-membered heterocyclic group which may 
have a substituent, 

a, b, d, e and g each independently stands for an integer of 0 or 1 , c stands for an integer of 0 to 3, f, h and i each 
independently represents an integer of 1 to 3, with the proviso that the sum of a, b and c stands for an integer of 2 
or 3, the sum of d and e stands for an integer of 0 or 1 and the sum of f, g and h stands for an integer of 3 to 5), 

30 T 1 represents a carbonyl group, a group -CH(R 18 )- (in which R 18 represents a hydrogen atom, an alkyl group, a 
hydroxyalkyl group, an alkoxyalkyl group, a carboxyalkyi group, an aikoxycarbonylalkyl group, an aryl group, an 
aralkyl group, a heteroaryl group, a heteroarylalkyl group or an aminoalkyl group in which the amino moiety may 
have a substituent) or a group -C(=NOR 19 )- (in which R 19 represents a hydrogen atom, an alkyl group, a carboxy- 
alkyi group, an alkoxycarbonyl group, an aryl group, an aralkyl group, a heteroaryl group, a heteroarylalkyl group or 

35 an aminoalkyl group in which the amino moiety may have a substituent, and 

X 1 and X 2 each independently represents a methine group or a nitrogen atom]; saft thereof; or solvate thereof. 

[0009] The present invention also provides a medicament comprising as an effective ingredient a sulfonyt derivative 
represented by the formula (1), salt thereof or solvate thereof. 
40 [0010] The present invention also provides a pharmaceutical composition comprising a suifonyl derivative repre- 
sented by the formula (1), salt thereof or solvate thereof; and a pharmaceutically acceptable carrier. 
[0011] The present invention also provides the use of a suifonyl derivative represented by the formula (1) , salt 
thereof or solvate thereof as a medicament. 

[0012] The present invention also provides a method for treating a disease caused by thrombosis or embolism, 
45 which comprises administering, to a patient suffering therefrom, a suifonyl derivative represented by the formula (1), 
salt thereof or solvate thereof. 

Best Modes for Carrying Out the Invention 

so [001 3] A description will next be made of the substrtuents in the suifonyl group derivative of the formula (I) according 
to the present invention. 

[0014] As R 1 , examples of the halogen atom include fluorine, chlorine, bromine and iodine. 

[0015] Examples of the alkyl group include linear, branched or cyclic C^.q alkyl groups such as methyl, ethyl, iso- 

propyl and cyclopropyl. 

55 [0016] The "hydroxyalkyl group" means a group formed of a hydroxy] group and a linear, branched or cyclic C V 6 
alkylene group. Examples of the alkyl ene group include methylene, ethylene, tri methylene, propylene and cyclohexy- 
lene. Examples f th hydroxyalkyl gr up include hydroxymethyi and hydroxyethyl. 

[0017] The "alkoxyl group 11 means a group formed of the above-described C^. s alkyl group and an oxygen atom. 
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Examples include methoxyl, ethoxyl and isopropoxyl. 

[0018] The "alkoxyalkyl group" means a group formed of the above-described alkoxyl gr up and the above- 
described C^e alkylene group. Examples include methoxymethyl, methoxyethyl and ethoxymethyl. 
[001 9] The "carboxyalkyl group" means a group formed of a carboxyl group and the above-described C^e alkylene 
5 group. Examples include carboxymethyl and carboxy ethyl. 

[0020] The "alkylcarbonyl group" means a group formed of the above-described alkyi group and a carbonyl 
group. Examples include methyfcarbonyl and ethylcarbonyl. 

[0021] The "alkoxycarbonyl group" means a group formed of the above-described Cj.g alkoxyl group and a carbo- 
nyl group. Examples include methoxycarbonyl and ethoxycarbonyl. 

10 [0022] The "alkoxycarbonylalkyl group" means a group formed of the above-described aJkoxy carbonyl group and 
the above-described alkylene group. Examples include methoxycarbonylethyl and ethoxycarbonylmethyl. 
[0023] The "alkytcarbonyloxy group" means a group formed of the above-described 0^6 alkyl group, a carbonyl 
group and an oxygen atom. Examples include methylcarbonyloxy, ethyl carbonyloxy and isop ropy! carbo nyl oxy. 
[0024] In the group A 1 -B 1 -, A 1 represents an amino group which may have one or two substrtuents, a saturated or 

is unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a substrtuent or a saturated or unsaturated 5- 
or 6-membered heterocyclic group which may have a substrtuent 

[0025] When A 1 represents an amino group which may have one or two substrtuents. B 1 represents a single bond, 
a carbonyl group, an alkylene group, a carbonylalkyt group, a carbonylalkyloxy group or an alkylenecarbonyloxy group. 
The group A 1 -B 1 - therefore represents, for example, a group as shown in the following class (A). 

20 

Class (A): 
[0026] 

25 an amino group which may have one or two substrtuents, 

an aminocarbonyl group in which the amino moiety may have one or two substrtuents, 

an aminoalkyl group in which the amino moiety may have one or two substituerrts, 

an aminocarbonylalkyl group in which the amino moiety may have one or two substrtuents, 

an aminocarbonylalkyloxy group in which the amino moiety may have one or two substrtuents or 

30 an aminoalkylcarbonyl group in which the amino moiety may have one or two substrtuents and 
an aminoalkylcarbonyloxy group in which the amino moiety may have one or two substrtuents. 

[0027] A description will next be made of the groups shown in Class (A). 

[0028] The "aminocarbonyl group in which the amino moiety may have one or two substituerrts" means a group 
35 formed of an amino group which may have one or two substrtuents and a carbonyl group. 

[0029] The "aminoalkyl group in which the amino moiety may have one or two substituents" means a group formed 
of an amino group which may have one or two substituents and the above-described C^. 6 alkylene group. Examples of 
the aminoalkyl group include aminomethyl and aminoethyl. 

[0030] The "aminocarbonylalkyl group in which the amino moiety may have one or two substituents" means a group 
40 formed of the above-described aminocarbonyl group and the above-described C^. 6 alkylene group. Examples of the 
aminocarbonylalkyl group include aminocarbonylmethyl and aminocarbonyl ethyl. 

[0031] The "aminocarbonylalkyloxy group in which the amino moiety may have one or two substituents" means a 
group formed of the above-described aminocarbonylakyl group and an oxygen atom. Examples of the aminocarbony- 
lalkyloxy group include aminocarbonyl methoxyl and aminocarbonylethoxyt. 
45 [0032] The "aminoalkylcarbonyl group in which the amino moiety may have one or two substituents" means a group 
formed of the above-described aminoalkyl group and a carbonyl group. Examples of the aminoalkylcarbonyl group 
include aminomethylcarbonyl and aminoethylcarbonyl. 

[0033] The "aminoalkylcarbonyloxy group in which the amino moiety may have one or two substituents" means a 
group formed of the above-described aminoalkylcarbonyl group and an oxygen atom. Examples of the aminoalkylcar- 
so bonyloxy group include aminomethylcarbonytaxy and aminoethytcarbonyloxy. 

[0034] Examples of the substrtuent which can be substituted for an amino group include those as shown in the fol- 
lowing Class (1). 

Class (1): 

55 

[0035] 

an alkyl group, 
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an alkenyl group, 

a halogenoalky) group, 

a halogenoalkenyt group, 

a hydroxyalkyi group, 

a hyroxyalkylcarbonyl group, 

a hydroxyalkyisulfonyl group, 

an alkoxyl group, 

an alkoxyalkyl group, 

an alkoxyalkylcarbonyl group, 

an alkoxyalkylsulfonyl group. 

a formyl group, 

a formylalkyl group, 

a formytalkylcarbonyl group, 

a formylalkylsulfonyl group, 

an alkylcarbonyl group, 

an alkylcarbonylalkyl group, 

an alkylsuffonyl group, 

an alkylsurfonylalkyl group, 

a carboxyalkyl group, 

a carboxyalkyloarbonyi group, 

a carboxyalkylsulfonyl group, 

a carboxyalkylcarbonylalkyl group, 

a carboxyalkylsulfonylalkyl group, 

an alkoxycarbonyl group, 

an alkoxycarbonyialkyl group, 

an alkoxycarbonylalkylcarbonyl group, 

an alkoxycarbonylalkylsulfonyl group, 

a trif luoromethylsulfonyloxyalkenyl group and 

a group a 1 -b 1 - (wherein a 1 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or 
saturated or unsaturated 5- or 6-membered heterocyclic group which may have one to three substituents selected 
from the group consisting of a halogen atom, a hydroxy! group, an amino group, an alkoxyl group, an alkyl group, a 
cyano group, a nitro group, a carboxyl group, an alkoxycarbonyl group and an aminocarbonyl group; and 
b 1 represents a single bond, a carbonyl group, an alkyl en e group, a carbonylalkyl group, a carbonylalkyloxy group, 
an alkylenecarbonyloxy group, an alkyteneaminocarbonyl group, an alkyleneaminocarbonylalkyl group, an alkyl e- 
neaminosulfonyl group or an alkyleneaminosulfonylalkyl group). 

[0036] The substituents which can be substituted for an amino group in Class (1) will next be described. 
[0037] The alkyl group has the same meaning as described above. 

[0038] The "alkenyl group" means a linear, branched or cyclic C 2 _6 alkenyl group. Examples include vinyl and allyl. 
[0039] The "halogenoalkyl group" means a group formed of a halogen atom and the above-described alkylene 
group. Examples include chloromethyl and bromoethyl. 

[0040] The "halogenoalkenyt group" means a group formed of a halogen atom and a linear or branched C 2 -6 alke- 
nyl ene group. Examples include chloroethenyl and bromopropenyl groups. There is no particular limitation on the posi- 
tion of a double bond. 

[0041] The "hydroxyalkyi group" means a group formed of a hydroxy! group and a linear, branched or cyclic C 2 . 6 
alkylene group. Examples include hydroxyethyl and hydroxypropyl. 

[0042] The "hydroxyalkylcarbonyl group" means a group formed of the above-described hydroxyalkyi group and a 
carbonyl group. Examples include hydroxymethylcarbonyl and hydroxyethylcarbonyl. 

[0043] The "hydroxyalkylsulfonyl group" means a group formed of the above-described hydroxyalkyi group and a 
sulfonyl group. Examples include hydroxymethylsulfonyl and hydroxyethylsuffonyl. 
[0044] The alkoxyl group has the same meaning as described above. 

[0045] The "alkoxyalkyl group" means a group formed of the above-described alkoxyl group and linear, branched or 
cyclic C2-6 alkylene group. Examples include methoxyethyl, ethoxyethyl and methaxypropyl. 

[0046] The "alkoxyalkylcarbonyl group" means a group formed of the above-described alkoxyalkyl group and a car- 
bonyl group. Examples include methoxyethylcarbonyl and ethoxymethylcarbonyl. 

[0047] The "alkoxyalkylsulfonyl group" means a group formed of the above-described alkoxyalkyl group and a sul- 
fonyl group. Examples include meth xymethylsulfonyl and ethoxymethylsulfbnyl. 

[0048] The "formylalkyl group" means a group formed of a formyl group and the above-described alkylene 
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gr up. Examples include formylmethyl and formyl ethyl. 

[0049] The ^rrnylalkylcarbonyl group" means a group formed of the above-described formylalkyl group and a car- 
bonyl group. Examples include formylmethyl carbonyl and formylethylcarbonyl. 

[0050] The "formylalkylsutfonyl group" means a group formed of the above-described formylalkyl group and a sul- 
fonyl group. Examples include formylmethylsulfonyl and formylethylsulfonyl. 

[0051 ] The "alkylcarbonyl group" means a group formed of the above-described alky! group and a carbonyl group. 
Examples include methylcarbonyl and ethylcarbonyl. 

[0052] The "alkylcarbonylalkyl group" means a group formed of the above-described aikylcarbonyt group and the 
above-described alkylene group. Examples include methylcarbonylmethyl and ethylcarbonylmethyl. 
[0053] The "alkylsuffonyl group" means a group formed of the above-described alkyl group and a sulfonyl group. 
Examples include methylsulfonyl and ethylsulfonyl. 

[0054] The "alkylsulfonylalkyl group" means a group formed of the above-described alkylsuHonyl group and the 
above-described C v6 alkylene group. Examples include methylsulfonylmethyl and ethylsulfonylmethyl. 
[0055] The carboxyalkyl group has the same meaning as described above. 

[0056] The "carboxyalkylcarbonyl group" means a group formed of the above-described carboxyalkyl group and a 
carbonyl group. Examples include carboxymethylcarbonyl and carboxyethylcarbonyl. 

[0057] The "carboxyalkyfsulfonyl group" means a group formed of the above-described carboxyalkyl group and a 
sulfonyl group. Examples include carboxymethytsulfonyl and carbaxyethylsulfbnyl. 

[0058] The "carboxyalkylcarbonylalkyl group" means a group formed of the above-described carboxyalkylcarbonyl 
group and the above-described C^e alkylene group. Examples include carboxymethylcarbonylmethyl and carboxyethyl- 
carbonylmethyl. 

[0059] The "carboxyalkylsulfonylalkyl group" means a group formed of the above-described carboxyalkylsulfonyl 
group and the above-described C^g alkylene group. Examples include carboxymethylsulfonylmethyl and carboxyethyl- 
sulfbnylmethyl. 

[0060] The alkoxycarbonyl and alkoxycarbonylalkyl groups have the same meanings as described above. 

[0061 ] The "alkoxycarbonylalkylcarbonyl group" means a group formed of the above-described alkoxycarbonylalkyl 

group and a carbonyl group. Examples include methaxycarbonyl ethylcarbonyl and ethoxy carbonyl methyl carbonyl. 

[0062] The "alkoxycarbonylalkylsulfbnyl group" means a group of the above-described alkoxycarbonylalkyl group 

and a sulfonyl group. Examples include methoxycarbonylethylsutfonyl and ethoxycarbonyl methylsulfonyl. 

[0063] The "trifluoromethylsulfonyloxyalkenyl group" means a group formed of a trifluoromethylsulfonyloxy group 

and a linear or branched C 2 -e alkenylene group. Examples include trifluoromethylsulfonyloxyvinyl and trrfluoromethyl- 

sulfonyloxyallyl. 

[0064] In the group a 1 -b 1 -, a 1 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or 
saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent such as a halogen atom. 
Examples of the saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group include cyclopentyl, cyclopente- 
nyl, cyclopentadienyl, cyclohexyl, cyclohexenyl, cyclohexadienyl and phenyl. Where the group has, as the cyclopente- 
nyl, plural structural isomers, it is to be noted that they are all embraced in it. 

[0065] The saturated or unsaturated 5- or 6-membered heterocyclic group is a cyclic group having at least one het- 
ero atom. Examples of the hetero atom include oxygen, nitrogen and sulfur. Examples of the saturated or unsaturated 
5- or 6-membered heterocyclic group include furyl, pyrrolyl, thienyl, pyrazolyl, pyrazinyl, tetrahydropyrazinyl, imidazolyl, 
pyrazolinyi, oxazolyl, oxazolinyl, thiazolyl, thiazolinyl, thiazolidinyl, oxatriazdyl, thiadiazolyl, furazanyt, pyranyl, pyridyl, 
pyrimidinyl, tetrahydropyrimidinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl, piperazinyl, piperidinyl, oxazinyl, oxa- 
diazinyl, morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetrazolyl, tetrazinyl, triazolyl and triazinyl. Where the group 
has, as the pyranyl, plural structural isomers, it is to be noted that they are all embraced in it. 
[0066] b 1 represents a single bond or a carbonyl, alkylene, carbonylalkyl, carbonylalkyloxy, alkyl enecarbonyloxy, 
alkyleneaminocarbonyl, alkyleneaminocarbonylalkyl, alkyl en eaminosutfonyl or alkyleneaminosutfonylalkyl group. The 
alkylene group has the same meaning as described above. 

[0067] The "carbonylalkyl group" means a group formed of a carbonyl group and the above-described C^e alkylene 
group. Examples include carbonylmethyl and carbonyl ethyl. 

[0068] The "carbonylalkyloxy group" means a group formed of the above-described carbonylalkyl group and an 
oxygen atom. Examples include carbonytmethoxy and carbonylethoxy. 

[0069] The "alkylenecarbonyloxy group" means a group formed of the above-described C^g alkylene group, a car- 
bonyl group and an oxygen atom. Examples include methylenecarbonyloxy and ethyl enecarbonyloxy. 
[0070] The "alkyleneaminocarbonyl group" means a group formed of the above-described C^. 6 alkylene group, an 
imino group and a carbonyl group. Examples include methyteneaminocarbonyt and ethyleneaminocarbnonyl. 
[0071] The "alkyleneaminocarbonylalkyl group" means a group formed of the above-described alkyleneaminocar- 
bonyl and the above-described 0^6 alkylene. Examples includ methylen aminocarbonylmethyl and ethyleneaminoc- 
arbonyl methyl. 



10 



EP 1 031 563 A1 

[0072] The "alkyleneaminosuffonyl group" means a group formed of the above-described C v6 alkylene gr up, an 
imino group and a sutfonyl group. Examples include methyleneaminosuKonyl and ethyl eneaminosutfonyl. 
[0073] The "alkyleneaminosulfonylalkyl group" means a group formed of the above-described alkyieneaminosutfo- 
nyl and the above-described Cj. 6 alkylene. Examples include methyleneaminosulfonylmethyl and ethyleneaminosuKo- 
5 nyl methyl. 

[0074] A description will next be made of the substituents which can be introduced to, as the above-described a 1 , 
a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or saturated or unsaturated 5- or 6-membered 
heterocyclic group which may have a substituent Examples of the halogen atom include fluorine, chlorine, bromine and 
iodine. The alkoxyl, alkyl, alkoxycarbonyl and aminocarbonyl groups have the same meanings as described above. 
10 [0075] As the group a 1 -b 1 -, there exist various kinds according to the combination of a 1 and b 1 . Examples include: 

a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a substituent, 

a group formed of a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent 

and a carbonyl group, 

is a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a sub- 
stituent and an alkylene group, 

a group formed of a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent 
and a carbonytalkyl group, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a sub- 
20 stituent and a carbonylalkyloxy group, 

a group formed of a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent 
and a alkylenecarbonyloxy group, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a sub- 
stituent and a alkyleneaminocarbonyl group, 
25 a group formed of a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent 
and an alkyleneaminocarbonylalkyl group, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a sub- 
stituent and an alkyleneaminosulfonyl group, 

a group formed of a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent 
30 and an alkyleneaminosulfonylalkyl group and the like. 

[0076] In addition to the above-described Class (1), the following Class (2) can be given as examples of the sub- 
stituent which can be substituted for the amino group. 

35 Class (2): 

[0077] 

an amino group which may have one or two substituents selected from Class (1), 
40 an aminoalkyl group in which the amino moiety may have one or two substituents selected from Class (1), 

an aminocarbonyl group in which the amino moiety may have one or two substituents selected from Class (1), 
an aminocarbonylalkyl group in which the amino moiety may have one or two substituents selected from Class (1), 
an aminocarbonylalkylcarbonyl group in which the amino moiety may have one or two substituents selected from 
Class (1), 

45 an aminocarbonylalkylsulfonyl group in which the amino moiety may have one or two substituents selected from 
Class (1), 

an aminoalkylcarbonyl group in which the amino moiety may have one or two substituents selected from Class (1), 
an aminosurfonyl group in which the amino moiety may have one or two substituents selected from Class (1), 
an aminosurfonylalkyl group in which the amino moiety may have one or two substituents selected from Class (1), 
so an aminoalkylsulfonyl group in which the amino moiety may have one or two substituents selected from Class (1), 
an aminosulfonylalkylcarbonyl group in which the amino moiety may have one or two substituents selected from 
Class (1) and 

an aminosulfonylalkylsulfonyl group in which the amino moiety may have one or two substituents selected from 
Class (1). 

55 

[0078] A description will next be made of the substituents of Class (2). 

[0079] The aminocarbonyl, aminocarbonylalkyl and aminoalkylcarbonyl groups in Class (2) have the same mean- 
ings as described above. 
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[0080] The "'aminoalkyl group which may have a substituent" means a gr up formed of an amino group which may 
have a substituent and a linear, branched or cyclic C2.6 alkylene group. Examples of the aminoalkyl gr up include ami- 
noethyl and aminopropyl. 

[0081 ] The "aminocarbonylalkylcarbonyl group which may have a substituerrt" means a group formed of an amino- 
5 carbonylalkyl group which may have a substituerrt and a carbonyl group. Examples of the aminocarbonylalkylcarbonyl 
group include aminocarbonylmethylcarbonyl and aminocarbonylethylcarbonyl. 

[0082] The "aminocarbonylalkylsulfonyl group which may have a substrtuenf means a group formed of an amino- 
carbonylalkyl group which may have a substituent and a sulfonyl group. Examples of the aminocarbonylalkylsuffonyl 
group include aminocarbonylmethylsutfonyl and aminocarbonylethylsulfonyl. 
10 [0083] The "aminosulfonyl group which may have a substituent" means a group formed of an amino group which 
may have a substituerrt and a sulfonyl group. 

[0084] The "aminosulfonylalkyl group which may have a substituerrt" means a group formed of the above-described 
aminosulfonyl group which may have a substituent and the above-described C^ alkylene group. Examples of the ami- 
nosulfonylalkyl group include aminosuffonylmethyl and aminosulfonyl ethyl. 
is [0085] The "aminoalkylsuffonyl group which may have a substituent" means a group formed of the above-described 
amino group which may have a substituerrt. the above-described C^e alkylene group and a sulfonyl group. Examples 
of the aminoalkylsutfonyl group include aminomethylsulfonyl and aminoethylsulfbnyl. 

[0086] The "aminosulfonylalkylcarbonyl group which may have a substituerrt" means a group formed of the above- 
described aminosulfonylalkyl group which may have a substituerrt and a carbonyl group. Examples include aminosulfo- 
20 nylmethylcarbonyl and aminosulfonylethylcarbonyi. 

[0087] The "aminosuffonylalkylsulfonyt group which may have a substituent" means a group formed of the above- 
described aminosulfonylalkyl group which may have a substituent and a sulfonyl group. Examples include aminosulfo- 
nylmethylsuHbnyl and aminosulfonylethylsulfonyl. 

[0088] A 1 also represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic 
25 group which may have a substituerrt. Examples of the saturated or unsaturated 5- or 6-membered cyclic hydrocarbon 
group include cyclopentyl, cyclopentenyl, cyclopentadienyl, cyclohexyl, cydohexenyl, cyclohexadienyl and phenyl 
groups. Where the group has plural structural isomers as the cyclopentenyl group, it is to be noted that they are all 
embraced in it. 

[0089] The saturated or unsaturated 5- or 6-membered heterocyclic group is a cyclic group having at least one het- 
30 ero atom. Examples of the hetero atom include oxygen, nitrogen and sulfur. Examples of the saturated or unsaturated 
5- or 6-membered heterocyclic group include furyl, pyrrolyl, thienyl, pyrazolyl, imidazolyl, pyrazolinyl, oxazolyl, oxazoli- 
nyl, thiazolyl, thiazolinyl, oxatriazolyl, thiadiazolyl, furazanyl, pyranyl, pyridyl, pyridazinyl, pyrrolidinyl, piperazinyl, pipe- 
ridinyl, oxazinyl, oxadiazinyl, morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, triazolyt and triazinyl. Where the group 
has plural structural isomers as pyranyl, it is to be noted that they are all embraced in it. 
35 [0090] When A 1 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic 
group which may have a substituent, B 1 represents a single bond, a carbonyl group, an alkylene group, a carbonylalkyl 
group, a carbonylalkyloxy group or an alkylenecarbonyloxy group. Accordingly, the group A 1 -B 1 -, for example, repre- 
sents a group as shown in the following Class (B): 

40 Class (B): 

[0091] 

a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic group which may have a 
45 substituent, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic group 
which may have a substituent and a carbonyl group, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic group 
which may have a substituerrt and an alkylene group, 
so a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic group 
which may have a substituent, a carbonyl group and an alkylene group, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic group 
which may have a substituent, a carbonyl group, an alkylene group and an oxygen atom, 
a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic group 
55 which may have a substituent, an alkylene group and a carbonyl group, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group or heterocyclic group 
which may have a substitu nt, an alkylene group, a carbonyl group and an oxygen atom, and the like. 
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[0092] A description will next be made fth groups shown in Class (B). 

[0093] In the group formed of a saturated r unsaturated 5-or 6-membered cyclic hydrocarbon group or heterocyclic 
group which may have a substituent and a carbonyl group, examples of the group formed of the cyclic hydrocarbon 
group and a carbonyl group include cyclopentylcarbonyl and phenylcarbonyl; while those of the group formed of the het- 

5 erocyclic group and a carbonyl group include furylcarbonyl, thienytcarbonyl and pyridytcarbonyl groups. 

[0094] In the group formed of a saturated or unsaturated 5-or 6-membered cyclic hydrocarbon group or heterocyclic 
group which may have a substituent and an aikylene group, the "group formed of a cyclic hydrocarbon group and an 
alkylene group" means a group formed of the above-described cyclic hydrocarbon group and the above-described C v 
6 alkylene group, for example, cyclohexylmethyl and benzyl, while the "group formed of a heterocyclic group and an 

w alkylene group" means a group formed of the above-described heterocyclic group and the above-described C v6 
alkylene group, for example, furylmethyl, thienylethy! and pyridylpropyl. 

[0095] In the group formed of a saturated or unsaturated 5-or 6-membered cyclic hydrocarbon group or heterocyclic 
group which may have a substituent, a carbonyl group and an alkylene group, the "group formed of a cyclic hydrocarbon 
group, a carbonyl group and an alkylene group" means a group formed of the above-described cyclic hydrocarbon 

is group, a carbonyl group and the above-described C^ alkylene group, for example, cyclopentadienylcarbonylmethyl 
and phenylcarbonylethyl, while the "group formed of a heterocyclic group, a carbonyl group and an alkylene group" 
means a group formed of the above-described heterocyclic group, a carbonyl group and the above-described C^. s 
alkylene group, for example, furylcarbonylmethyl, thienylcarbonylethyl and pyridylcarbonylpropyl. 
[0096] In the group formed of a saturated or unsaturated 5-or 6-membered cyclic hydrocarbon group or heterocyclic 

20 group which may have a substituent, a carbonyl group, an alkylene group and an oxygen atom, the "group formed of a 
cyclic hydrocarbon group, a carbonyl group, an alkylene group and an oxygen atom" means a group composed of the 
above-described group, which is formed of a cyclic hydrocarbon group, a carbonyl group and an alkylene group, and an 
oxygen atom, for example, cyclopentylcarbonylmethoxy and phenylcarbonylethoxy, while the "group formed of a hete- 
rocyclic group, a carbonyl group, an alkylene group and an oxygen atom" means a group composed of the above- 

25 described group, which is formed of a heterocyclic group, a carbonyl group and an alkylene group, and an oxygen atom, 
for exampie, furylcarbonylmethoxy, thienylcarbonylethoxy and pyridylcarbonylpropoxy. 

[0097] In the group formed of a saturated or unsaturated 5-or 6-membered cyclic hydrocarbon group or heterocyclic 
group which may have a substituent, an alkylene group and a carbonyl group, "the group formed of a cyclic hydrocarbon 
group, an alkylene group and a carbonyl group" means a group composed of the above-described group, which is 

30 formed of a cyclic hydrocarbon group and an alkylene group, and a carbonyl group, for example, cyclohexylmethylcar- 
bonyl and phenylethylcarbonyl, while "the group formed of a heterocyclic group, an alkylene group and a carbonyl 
group" means a group composed of the above-described group, which is formed of a heterocyclic group and an 
alkylene group, and a carbonyl group, for example, furylmethylcarbonyl, thienylethylcarbonyl and pyridylpropylcarbonyl. 
[0098] In the group formed of a saturated or unsaturated 5-or 6-membered cyclic hydrocarbon group or heterocyclic 

35 group which may have a substituent, an alkylene group, a carbonyl group and an oxygen atom, "the group formed of a 
cyclic hydrocarbon group, an alkylene group, a carbonyl group and an oxygen atom" means a group composed of the 
above-described group, which is formed of a cyclic hydrocarbon group, an alkylene group and a carbonyl group, and an 
oxygen atom, for example, cyclohexadienylmethylcarbonytoxy and phenyl ethylcarbonylyoxy, while "the group formed of 
a heterocyclic group, an alkylene group, a carbonyl group and an oxygen atom" means a group composed of the above- 

40 described group, which is formed of a heterocyclic group, an alkylene group and a carbonyl group, and an oxygen atom 
such as furylmethylcarbonyloxy, thienylethylcarbonyloxy and pyridylpropylcarbonyloxy. 

[0099] As examples of a substituent which can be substituted for the saturated or unsaturated 5- or 6-membered 
cyclic hydrocarbon group or heterocyclic group, those as shown in Class (3) can be given. 

45 Class (3): 

[0100] 

a hydroxy! group, 
so an alkyl group, 

an alkoxyl group, 

a hydroxyalkyl group, 

an alkoxyalkyl group, 

a halogen atom, 
55 a cyano group, 

a nitro group, 

acarb xyl group, 

an alkoxycarbonyl group, 
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a formyl group, 

a heteroaryl group, 

a heteroarylalkyl group, 

an alkylimino group, 
5 an amidino group, 

a guankJino group, 

an amino(hydroxyimino)alky) group, 

an amino(alkoxyimino)alkyl group, 

an amino(aryloxyimino)alkyl group, 
w an amino group which may have one or two substituents, 

an aminocarbonyl group in which the amino moiety may have one or two substituents, 

an aminocarbonylalkyl group in which the amino moiety may have one or two substituents, 

an aminocarbonylalkyloxy group in which the amino moiety may have one or two substituents, 

an aminoalkyl group in which the amino moiety may have one or two substituents, 
15 an aminoalkyloxy group in which the amino moiety may have one or two substituents, 

an aminoalkylcarbonyl group in which the amino moiety may have one or two substituents, 

an aminoalkylcarbonyloxy group in which the amino moiety may have one or two substituents, and 

an oxygen atom. 

20 [01 01 ] The number of the replaceable substituents ranges from 1 to 3. 

[01 02] A description will next be made of the substituents which can be substituted for the saturated or unsaturated 
5- or 6-membered heterocyclic group in Class (3). 

[0103] The alkyl group, alkoxyl group, hydroxyalkyl group, alkoxyalkyl group, halogen atom, alkoxycarbonyl group 
have the same meanings as described above in R 1 . 
25 [0104] The "heteroaryl group" means a monovalent aromatic group having at least one hetero atom. Examples 
include pyridyl, furyl and thienyl. 

[01 05] The "heteroarylalkyl group" means a group formed of the above-described heteroaryl group and the above- 
described C^e alkylene group. Examples include pyridylmethyl, furylethyl and thienylmethyl. 
[0106] The "alkylimino group" means a group formed of the above-described alkyl group and a nitrogen atom. 
30 Examples include methylimino and ethylimino. 

[0107] The "amino(hydroxyimino)alkyl group" means a group in which amino and hydroxyimino groups have been 
bonded to the same carbon atom of the above-described alkyl group. Examples include amino(hydroxyimino)methyl 
and amino(hydroxyimino)ethyl. 

[0108] The "amino(alkoxyimino)alkyl group" means a group in which amino and altaoxyimino groups have been 
35 bonded to the same carbon atom of the above-described alkyl group. Here, the "alkoxyimino group" means a divalent 
group formed of the above-described alkoxyl group and an imino group. Examples of the amino(alkoxyimino)alkyl group 
include amino(methoxyimino) methyl and amino(ethoxyimino) methyl. 

[0109] The "amino(ary1oxyimino)alkyt group" means a group in which amino and aryloxyimino groups have been 
bonded to the same carbon atom of the above-described alkyl group. Here, the "aryloxyimino group" means a divalent 
40 group formed of aryt and imino groups. Examples of the aryl group include phenyl, naphthyl, anthryl and phenanthryl. 
Examples of the ami no (aryloxyimino) alkyl group include amino(phenoxy imino) methyl and amino(naphthyloxy- 
imino)methyl. 

[0110] The "aminocarbonyl group in which the amino moiety may have one or two substituents" means a group 
formed of an amino group which may have one or two substituents and a carbonyl group. 
45 [01 1 1 ] The "aminoalkyl group in which the amino moiety may have one or two substituents" means a group formed 
of an amino group which may have one or two substituents and the above-described C^e alkylene group. Examples of 
the aminoalkyl group include aminomethyl and aminoethyl. 

[01 12] The "aminocarbonylalkyl group in which the amino moiety may have one or two substituents" means a group 
formed of the above-described aminocarbonyl group in which the amino moiety may have one or two substituents and 
so the above-described C 1 . 6 alkylene group. Examples of the aminocarbonylalkyl group include aminocarbonylmethyt and 
aminocarbonylethyl. 

[011 3] The "aminocarbonylalkyloxy group in which the amino moiety may have one or two substituents" means a 
group formed of the above-described aminocarbonylalkyl group in which the amino moiety may have one or two sub- 
stituents and an oxygen atom. Examples of the aminocarbonylalkyloxy group include aminocarbonylmethoxyl and ami- 
55 nocarbonylethoxyl. 

[01 14] The "aminoalkylcarbonyl group in which the amino moiety may have one or two substituents" means a group 
formed of the above-described aminoalkyl group in which the amin moiety may have one or two substituents and a 
carbonyl group. Examples of the aminoalkylcarbonyl group include aminomethylcarbonyt and aminoethyfcarbonyl. 
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[0115] The "aminoalkylcarbonyloxy group in which the amin m iety may have one or two substituents" means a 
group formed of the above-described aminoalkylcarbonyl group in which the amino moiety may have one or two sub- 
stituents and an oxygen atom. Examples of the aminoalkylcarbonyloxy group include aminomethylcarbonyioxy and 
ami noethylcarbonyloxy. 

5 [0116] The "aminoalkyloxy group in which the amino moiety may have one or two substituents" means a group 
formed of an amino group which may have a substituent, a iinear, branched or cyclic C 2 .e alkylene group and an oxygen 
atom. Examples of the aminoalkyloxy group include aminoethyloxy and aminopropyloxy. 

[0117] In the case of the cyclic hydrocarbon group, an oxygen atom can serve as a substituent when the corre- 
sponding keto compound is formed, while, in the case of the heterocyclic group or dicydic or tricyclic fused ring group, 
10 an oxygen atom can serve as a substituent when the oxygen atom is bonded to a nitrogen or sulfur atom forming the 
ring and the corresponding N-oxide or S-oxide or keto compound is formed. 

[0118] In the present invention, when R 1 is not coupled with R 2 or R 3 to form a ^.3 alkylene or alkenylene group, 
preferred examples of R 1 include a hydrogen atom, an alkyl group, a hydroxyalkyl group and a group A 1 -B 1 -. 
[0119] In R 2 and R 3 , examples of the halogen atom include fluorine, chlorine, bromine and iodine. 
15 [0120] The "alkyl group" means a linear, branched or cyclic C^g alkyl group. Examples include methyl, ethyl, iso- 
propyl, cyclopropyl, heptyl and octyl. 

[0121] The "hydroxyalkyl group" means a group formed of a hydroxy! group and a linear, branched or cyclic C v8 
alkylene group. Examples include hydroxymethyl and hydroxy ethyl. 

[0122] The "alkoxyalkyl group" means a group formed of the above-described alkyl group, an oxygen atom and a 
20 linear, branched or cyclic C^s alkylene group. Examples include methoxymethyl, methoxyethyl and ethoxymethyl. 
[0123] When R 2 or R 3 is coupled with R 1 to form a alkylene or alkenylene group, the following group, in the 
formula (I): 




means the below-described group or the like. 



40 



45 




50 [0124] In the present invention, when R 2 or R 3 is not coupled with R 1 to form a Q^. z alkylene or alkenylene group, 
a hydrogen atom and alkyl group are preferred as R 2 or R 3 . 

[0125] In the present invention, it is preferred that R 1 and R 2 or R 3 are coupled together to form a alkylene or 
alkenylene group. 

[0126] In R 4 or R 5 , examples of the halogen atom include fluorine, chlorine, bromine and iodine. The alkyl and 
55 alkoxyl groups have the same meanings as described above in R 1 . In the present invention, as R 4 or R 5 , a halogen 
atom is preferred, with fluorine, chlorine and bromine being particularly preferred. 

[0127] Q 1 represents a saturated r unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a 
substituent, 
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a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substrtuent, or 
a saturated or unsaturated, dicydic or tricyclic fused ring group which may have a substrtuent. 

[0128] Here, examples of the saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group include 
5 cydopentyl, cyclop entenyl, cyclop entadienyl, cydohexyl, cyclohexenyl, cydohexadienyl and phenyl. When the group 

has plural structural isomers as cyclopentenyt, it is to be noted that they are all embraced in it. 

[0129] The saturated or unsaturated 5- or 6-membered heterocydic group is a cydic group having at least one het- 

ero atom. Examples of the hetero atom include oxygen, nitrogen and sulfur. Examples of the saturated or unsaturated 

5- or 6-membered heterocyclic group indude fury I, pyrrol yl, thienyl, pyrazolyl, imidazolyl, pyrazolinyl, oxazolyl, oxazoli- 
10 nyl, thiazolyl, thiazolinyl, oxatriazolyl, thiadiazolyl, furazanyl, pyranyl, pyridyl, pyridazinyl, pyrrolidinyl, piperazinyl, pipe- 

ridinyl, oxazinyl, oxadiazinyl, morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, triazolyl and triazinyl. Where the group 

has plural structural isomers as pyranyl, it is to be noted that they are all embraced in it 

[0130] The "saturated or unsaturated, dicyclic or tricyclic fused ring group which may have a substrtuent" means: 
(D a group obtained by the condensation of the above-described saturated or unsaturated 5- or 6-membered cyclic 

is hydrocarbon groups which may have a substituent, <D a group obtained by the condensation of the above-described 
saturated or unsaturated 5- or 6-membered cydic hydrocarbon group which may have a substituent and the above- 
described saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent and ® a group 
obtained by the condensation of the above-described saturated or unsaturated 5- or 6-membered heterocydic groups 
which may have a substituent. Examples of the group ® include indenyl, indanyi, naphthyl, tetrahydronaphthyl, arrthryl 

20 and phenanthryl; those of the group © include benzofuranyl, indolyl, indolinyl, quinolyl, benzodiazinyl and tetrahydroi- 
soquinolyl; and those of the group ® include naphthyridinyl, tetrahydrothienopyridyl, tetrahydrothiazolopyridyl and tet- 
rahydropyridinopyridyl. 

[01 31 ] Examples of the substituent which can be substituted for the above-described cyclic hydrocarbon, heterocy- 
clic, dicyclic or tricyclic fused ring group include the groups shown in the following Class (4): 

25 

Class (4): 
[0132] 

30 a hydroxy! group, 

an alkyl group, 

an alkenyl group, 

a halogenoaJkyl group, 

a halogenoalkenyl group, 
35 an alkoxyl group, 

a hydroxyalkyl group, 

an alkoxyalkyl group, 

a halogen atom, 

a cyano group, 
40 a nitro group, 

a carboxyl group, 

an alkoxycarbonyl group, 

a f ormyl group, 

a heteroaryl group. 
45 a heteroarylalkyl group. 

an alkylimino group, 

an amidino group, 

a guanidino group, 

an amino (hydroxyimino) alkyl group, 
so an amino(alkoxyimino)alkyl group, 

an amino(aryloxyimino)alkyl group, 

an amino group which may have one or two substituents. 

an aminocarbonyl group in which the amino moiety may have one or two substituents, 
an aminocarbonylalkyl group in which the amino moiety may have one or two substituents, 
55 an aminocarbonylalkyloxy group in which the amino moiety may have one or two substituents, 
an aminoalkyl group in which the amino moiety may have one or two substituents, 
an aminoalkyloxy group in which the amino moiety may have ne or two substituents, 
an aminoalkylcarbony! group in which the amino moiety may have one or two substituents, 
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an aminoalkyicarbonyloxy group in which the amino moiety may hav one or two substrtuents, 
an oxygen atom, 

a trtf luoromethylsuifonytoxy group, 
a trtf luoromethyisutfonyloxyalkenyl group, 
5 a boric acid group (-B{OH£), 

a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have 1 to 3 substrtuents 
selected from the group consisting of halogen, hydroxy! , amino, alkoxyl, alkyl, cyano, nitro, carboxyl, aJkoxycarbonyl 
and aminocarbonyl, and 

a saturated or unsaturated 5- or 6-membered heterocyclic group which may have 1 to 3 substrtuents selected from 
io the group consisting of halogen, hydroxy! , amino, alkoxyl, alkyl, cyano, nitro, carboxyl, aJkoxycarbonyl and aminoc- 
arbonyl. 

[0133] Incidentally, the number of the replaceable substrtuents ranges from 1 to 7. The substrtuents in Class (4) 
have the same meanings as described in Classes (1) to (3). 
is [0134] In the present invention, preferred examples of Q 1 include a phenyl group which may have a substituent, an 
imidazolyl group which may have a substituent, a pyridyl group which may have a substituent, a pyrimidinyl group which 
may have a substituent, a pyrrolidinyl group which may have a substituent, a tetrahydrothienopyridyl group which may 
have a substituent and a tetrahydrorhiazolopyridyl group which may have a substituent. 

[0135] In Q 2 , examples of the linear or branched C^ alkylene group include methylene, ethylene, trimethylene, 
20 propylene, telramethylene, butylene, pentamethylene and hexamethytene. 

[0136] Examples of the linear or branched C 2 . 6 alkenylene group include vinylene, propenylene, butenylene and 
pentenylene. There is no particular limitation on the position of the double bond. 

[0137] Examples of the linear or branched C^g alkynylene group include propynylene, butynylene, pentynylene and 
hexynylene. 
25 [0138] The following group: 



-G- 



means a divalent, saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a substituent, 
35 a divalent, saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent, or a divalent, 
saturated or unsaturated dicyclic fused group which may have a substituent, and <-C means the bonding of the carbon 
atom of this group to Q 1 . Examples of this group include divalent groups derived from thiophene, furan, pyran, pyrrole, 
pyrrolidine, pyrrol ine, imidazole, imidazoline, imtdazolidine, pyrazole, pyrazolidine, thiazole, oxazole, oxathiolan, ben- 
zene, pyridine, piperidine, piperazine, morpholine, thiomorpholine, pyrazine, pyrimidine, pyridazine, triazine, tetrazine, 
40 thiadiazine, dithiazine, cyciopentane, cyclopentene, cyclopentadiene, cyclohexane, cyclohexene, cyclohexadiene or 
the like and they may have a substituent. As the substituent, those exemplified above in Class (4) can be mentioned as 
examples. 

[0139] TTie alkyl group in R 6 or R 7 of the group -N(R 6 )-CO- or -N(R 7 )-(CH2) m - means a linear, branched or cyclic 
C^g alkyl group. Examples include methyl, ethyl, isopropyi and cyclopropyl. As the group -N(R 6 )-CO-, a group <-N(R 6 )- 
45 CO-(wherein <- means the bonding of the nitrogen atom of this group to Q 1 ) is preferred, while as the group -N(R 7 )- 
(CH2) m -, a group N(R 7 )-(CH 2 ) m - (wherein <- means the bonding of the nitrogen atom of this group to Q 1 ) is pre- 
ferred. 

[0140] In the present invention, preferred examples of Q 2 include a single bond, a carbonyl group and groups rep- 
resented by the following formula: 

50 



Among the groups represented by the following formula: 
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jo divalent groups derived from benzene, pyrimidine, tetrahydropyrimidine, pyrazine, pyridazine, triazine, tetrazine, imida- 
zole, imidazoline, thiazole, thiazoline, furan, thiophene, pyrrole, oxazole, oxazoline, thiadiazole, cyclopentane, 
cyclopentene, cyclohexane or cyclohexene are preferred. 

[0141] In R 8 , R 9 , R 10 , R 11 , R 12 , R 13 R 15 and R 16 as the substituents in Q 3 , the alky!, alkoxyl, altocyalkyl, hydroxy- 
alkyl, hydroxyalkyloxy, hydroxyalkyicarbonyl, hydroxyalkylsulfonyl, formylalkyl, formylalkylcarbonyl, formylalkylsuHonyl, 

is alkylcarbonyl, alkylsuKonyl, alkylcarbonylalkyl, alkylsulfonylalkyl, carboxyalkylcarbonyl, carboxyalkylsulfonyl, carboxy- 
alkylcarbonylalkyl, carboxyalkytsulfonylalkyl, alkoxycarbonyl, alkoxycarbonytalkyl, alkoxycarbonylalkylcarbonyt, alkoxy- 
carbonylalkylsulfonyl, amino which may have 1 to 2 substituents, aminoalkyl in which the amino moiety may have 1 or 
2 substituents, aminoalkylcarbonyl in which the amino moiety may have 1 or 2 substituents, aminoalkylcarbonyloxy in 
which the amino moiety may have 1 or 2 substituents, aminocarbonyl in which the amino moiety may have 1 or 2 sub- 

20 stituents, aminocarbonyl alkyl in which the amino moiety may have 1 or 2 substituents, and aminocarbonylalkyloxy in 
which the amino moiety may have 1 or 2 substituents have the same meanings as described above in R 1 . 
[0142] The "alkoxyalkyloxy group" means a group formed of the above-described alkoxyalkyl group and an oxygen 
atom and examples include methoxymethyloxy, methoxyethyloxy and ethoxymethyfoxy. 

[0143] The "carboxyalkyl group" means a group formed of a carboxyl group and the above-described C v6 alkylene 
25 group and examples include carboxymethyf and carboxyethyl. 

[0144] The "carbcocyalkyloxy group" means a group formed of the above-described carboxylalkyl group and an oxy- 
gen atom and examples include carboxymethoxyl and carboxyethoxyl. 

[0145] The "alkoxycarbonylalkylaxy group" means a group formed of the above-described alkoxycarbonylalkyl 
group and an oxygen atom and examples include methoxycarbonylethyl and ethoxycarbonylethyl. 
30 [0146] The "aminoalkylcxy group in which the amino moiety may have 1 or 2 substituents" means a group formed 
of an amino group which may have a substituent, a linear, branched or cyclic C2-6 alkylene group and an oxygen atom 
and examples include aminoethoxyl and aminopropoxyl. 

[0147] In the group A 2 -B 2 -, A 2 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group 
which may have a substituent or a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a 
35 substituent. Here, examples of the saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group include 
cyclopentyl, cyclopentenyl, cyclopentadienyl, cyclohexyl, cyclohexenyl, cyclohexadienyl and phenyl. When the group 
has various structural isomers as the cyclopentenyl, they are all embraced in it. 

[0148] The saturated or unsaturated 5- or 6-membered heterocyclic group is a cyclic group having at least one het- 
ero atom. Examples of the hetero atom include oxygen, nitrogen and sulfur. Examples of the saturated or unsaturated 

40 5- or 6-membered heterocyclic group include furyl, pyrrolyl, thienyl, pyrazolyl, pyrazinyl, tetrahydropyrazinyl, imidazolyl, 
pyrazoiinyl, oxazolyl, oxazolinyl, thiazofyl, thiazolinyl, thiazolidinyl, oxatriazolyl, thiadiazolyl, furazanyl, pyranyl, pyridyl, 
pyrimidinyl, tetrahydropyrimidinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl, piperazinyl, piperidinyl, oxazinyl, oxa- 
diazinyl, morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetrazolyl, tetrazinyl, triazolyl and triazinyi. Where the group 
has plural structural isomers as the pyranyl, it is to be noted that they are all embraced in it. 

45 [0149] B 2 represents a single bond, carbonyl group or alkylene group. The "alkylene group" means a linear, 
branched or cyclic C^. s alkylene group. 

[01 50] Examples of the group A 2 -B 2 - include the following groups: 

a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a substituent, 
so a group formed of a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent 
and a carbonyl group, and 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a sub- 
stituent and an alkylene group. 

55 [0151] Each of R 8 and R 9 , R 10 and R 11 , R 12 and R 13 , and R 15 and R 18 is coupled together with a carbon atom 
which constitutes the ring and represents a saturated or unsaturated 5-to 7-membered cyclic hydrocarbon group which 
may have a substituent r a saturated r unsaturated 5- 1 7-membered heterocyclic group which may have a substitu- 
ent. Here, examples of the saturated or unsaturated 5- to 7-membered cyclic hydrocarbon group include cyclopentyl, 
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cyclopentenyl, cyclopentadienyl, cyclohexyl, cyct hexenyl, cyclohexadienyl and phenyl. Wh n the group has various 
structural isomers as the cyclopentenyl, they are all embraced in it 

[0152] The saturated or unsaturated 5- to 7-membered heterocyclic group is a cyclic group having at least one het- 
ero atom. Examples of the hetero atom include oxygen, nitrogen and sulfur. Examples of the saturated or unsaturated 

5 5- to 7-membered heterocyclic group include furyl, pyrrolyl, thienyl, pyrazolyl, pyrazinyt, tetrahydropyrazinyl, imidazolyl, 
pyrazolinyl, oxazolyl, oxazolinyl, thiazolyl, thiazolinyl, thiazolidinyl, oxatriazolyl, thiadiazolyl, furazanyl, pyranyl, pyridyl, 
pyrimidinyl, tetrahydropyrimidinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl, piperazinyl, pipertdinyl. oxazinyl, oxa- 
diazinyl, morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetrazolyl, tetrazinyl, triazolyl and triazinyi. Where the group 
has plural structural isomers as the pyranyl, it is to be noted that they are all embraced in it. 

w [0153] a, b, d, e and g each independently stands for an integer of 0 or 1 , c stands for an integer of 0 to 3 and f, h 
and i each independently represents an integer of 1 to 3, with the proviso that the sum of a, b and c stands for an integer 
of 2 or 3, the sum of d and e stands for an integer of 0 or 1 and the sum of f, g and h stands for an integer of 3 to 5. 
[0154] In R 14 or R 17 as the substituent in Q 3 , the alkyl, alkoxyl, hydroxyalkylcarbonyl, hydroxyalkylsulfonyl, altoxy- 
alkylcarbonyl, alkoxyalkylsulfonyl, formylalkyl, formylalkylcarbonyl, formylalkylsulfbnyl, alkylcarbonyt, alkylsuffonyl, 

is alkylcarbonylalkyt, alkylsuHbnylalkyl, carboxyaikylcarbonyl, carboxyalkylsuHbnyl, carboxyalkylcarbonylalkyl, carboxy- 
alkylsulfonylalkyl, alkoxycarbonyl, alkoxycarbonylalkyl, alkoxycarbonylalkylcarbonyl, alkoxycarbonylalkylsurfonyl, amino 
which may have 1 to 2 substituents, aminoalkylcarbonyl in which the amino moiety may have 1 or 2 substituents, ami- 
noalkyloxycarbonyl in which the amino moiety may have 1 or 2 substituents, aminocarbonyl in which the amino moiety 
may have 1 or 2 substituents, aminocarbonylalkyl in which the amino moiety may have 1 or 2 substituents, and amino- 

20 carbonyloxyalkyl in which the amino moiety may have 1 or 2 substituents have the same meanings as described above 
in R 1 . 

[0155] The "hydroxyalkyl group" means a group formed of a hydroxy! group and a linear, branched or cyclic C2-6 
alkylene group and examples include hydroxyethyl and hydroxypropyl. 

[0156] The "alkoxyalkyl group" means a group formed of the above-described alkoxyl group and a linear, branched 
25 or cyclic C 2 -6 alkylene group and examples include methoxyethyl and ethoxy ethyl. The "aminoalkyl group in which the 
amino moiety may have one or two substituents" means a group formed of the above-described amino group which may 
have a substituent and a linear, branched or cyclic C 2 . 6 alkylene group and examples include aminoethyl and amino- 
propyl. 

[0157] The "aminoalkyloxy group in which the amino moiety may have one or two substituents" means a group 
30 formed of the above-described amino group which may have a substituent, a linear, branched or cyclic C2-6 alkylene 
group and an oxygen atom and examples include aminoethoxyl and aminopropoxyl. 

[0158] In the group A 3 -B 3 -, A 3 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group 
which may have a substituent or a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a 
substituent. Here, examples of the saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group include 
35 cyclopentyl, cyclopentenyl, cyclopentadienyl, cyclohexyl, cyclohexenyl, cyclohexadienyl and phenyl. When the group 
has various structural isomers as the cyclopentenyl , they are all embraced in it. 

[0159] The saturated or unsaturated 5- or 6-membered heterocyclic group is a cyclic group having at least one het- 
ero atom. Examples of the hetero atom include oxygen, nitrogen and sulfur. Examples of the saturated or unsaturated 
5- or 6-membered heterocyclic group include furyl, pyrrolyl, thienyl, pyrazolyl, pyrazinyl, tetrahydropyrazinyl, imidazolyl, 
40 pyrazolinyl, oxazolyl, oxazolinyl, thiazolyl, thiazolinyl, thiazolidinyl, oxatriazolyl, thiadiazolyl, furazanyl, pyranyl, pyridyl, 
pyrimidinyl, tetrahydropyrimidinyl, pyridazinyl, tetrahydropyridazinyl, pyrrolidinyl, piperazinyl, piperidinyl, oxazinyl, oxa- 
diazinyl, morpholinyl, thiazinyl, thiadiazinyl, thiomorpholinyl, tetrazolyl, tetrazinyl, triazolyl and triazinyi. Where the group 
has plural structural isomers as the pyranyl, it is to be noted that they are all embraced in it. 

[0160] B 3 represents a single bond, carbonyl group or alkylene group. The "alkylene group" means a linear, 
45 branched or cyclic C^g alkylene group. 

[0161] Examples of the group A 3 -B 3 - include the following groups: a saturated or unsaturated 5- or 6-membered 
heterocyclic group which may have a substituent, 

a group formed of a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a sub- 
50 stituent and a carbonyl group, and 

a group formed of a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent 
and an alkylene group. 

[0162] R 14 and R 12 , R 14 and R 13 , R 17 and R 15 . and R 17 and R 16 are each coupled together with the carbon atom 
55 which constitutes the ring and the nitrogen atom to which R 14 or R 17 has been bonded and represent a saturated or 
unsaturated 5- to 7-membered heterocyclic group which may have a substituent. Here, examples of the saturated or 
unsaturated 5- 1 7-membered het rocyclic group is a cyclic group which has at least one nitrogen atom and may hav 
a hetero atom. Examples of the hetero atom include oxygen, nitrogen and sulfur. Examples of the saturated or unsatu- 
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rated 5- to 7-membered heterocyclic group include furyl, pyrrolyl, thienyl, pyrazolyt, pyrazinyl, tetrahydropyrazinyl, imi- 
dazolyl, pyrazolinyl, oxazolyl, oxazolinyi, thiazolyl, thiazolinyl, thiazolidinyl, axatriazolyl, thiadiazolyl, furazanyl, pyranyl, 
pyridyl, pyrimidinyl, tetrahydropyrimidinyi, pyridazinyi, tetrahydropyridazinyt, pyrrolidinyl, piperazinyl, piperidinyl, oxazi- 
nyl, oxadiazinyl, m rph linyt, thiaziny), thiadiazinyt, thiomorpholinyl, tetraz lyi, tetrazinyl, triazolyl and triazinyl. Wher 
the group has plural structural isomers as the pyranyl, rt is to be noted that they are all embraced in it. 
[0163] In the present invention, Q 3 represents a group of the following formula: 




(wherein R 8 R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , R 16 , R 17 , a, b, c, d, e, f, g. h and i have the same meanings as described 
above), with the group of the following formula: 



R 8 R» 

AA 



(wherein R 8 R 9 , a, b and c have the same meanings as described above) being preferred. 

T 1 represents a carbonyl group, 
a group -CH(R 18 )- 

(in which R 18 represents a hydrogen atom, an alkyl group, a hydroxyalkyl group, an alkoxyaJkyl group, a carboxy- 
alkyl group, an alkoxycarbonylalkyl group, an aryl group, an aralkyl group, a heteroaryl group, a heteroarylalkyl 
group or an aminoalkyl group in which the amino moiety may have a substituent) or 
a group -C(=NOR 19 )- 

(in which R 19 represents a hydrogen atom, an alkyl group, a carboxyalkyl group, an alkoxycarbonyl group, an aryl 
group, an aralkyl group, a heteroaryl group, a heteroarylalkyl group or an aminoalkyl group in which the amino moi- 
ety may have a substituent). 

[0164] Here, the alkyl, carboxyalkyl, alkoxycarbonyl, aryl, aralkyl, heteroaryl, heteroarylalkyl and aminoalkyl in 
which the amino moiety may have a substituent in R 18 or R 19 have the same meanings as described in R 1 . In the 
present invention, a carbonyl group is preferred as T 1 . 
[0165] In the present invention, the group: 
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5 




R 2 



in the formula (1) means a group: 

15 



20 




25 or another group: 



30 




35 

and, 

R 4 represents a halogen atom. 

40 

[01 66] In the present invention, preferred as Q 1 are a cyclopentyl group which may have a substituent, a cyclohexyl 
group which may have a substrtuerrt, a cyclopenteny! group which may have a substituent, a cyclohexenyl group which 
may have a substituent, a phenyl group which may have a substituent, a pyrrolidinyl group which may have a substitu- 
ent, a piperidinyl group which may have a substituent, an imidazolyl group which may have a substituent, a thiazolyl 

45 group which may have a substituent, a thiadiazolyl group which may have a substituent, a pyridyl group which may have 
a substituent, a pyrimidinyl group which may have a substituent, a pyridazinyl group which may have a substituent, a 
thiazolidinyl group which may have a substituent, a morpholinyl group which may have a substituent, a piperazinyl 
group which may have a substituent, a thiomorpholinyl group which may have a substituent, a pyrrolyl group which may 
have a substituent, a thienyl group which may have a substituent, a furanyl group which may have a substrtuerrt, a tet- 

so rahydropyrimidinyl group which may have a substituent, a tetrahydrofuranyl group which may have a substituent, a tet- 
rahydrothienyl group which may have a substituent, a surfdanyl group which may have a substituent, an imidazolinyl 
group which may have a substituent, a thiazolinyl group which may have a substrtuerrt, an oxazolyt group which may 
have a substituent, an oxadiazinyl group which may have a substituent, a triazinyl group which may have a substituent, 
a tetrazinyl group which may have a substituent, a pyrazinyl group which may have a substituent, a pyrazolyl group 

55 which may have a substituent, a pyrazolinyl group which may have a substituent, a pyrazolidinyl group which may have 
a substituent, a thienopyridyl group which may have a substituent, a tetrahydrothienopyridyl group which may have a 
substituent, a thiaz lopyridyl group which may have a substituent, and a tetrahydrothiazolopyridyl group which may 
have a substituent 
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[0167] Preferred as th substituent ar saturated or unsaturated, 5- r 6-membered cyclic hydrocarbon groups 
each of which may have 1 to 3 substituents selected from the group consisting of a hydroxy! group, alkyl groups, 
hydroxyalkyl groups, halogen atoms, a cyano group, a nrtro group, a carboxyl group, afkoxycarbonyl groups, a formyf 
group, alkylsulfonyl groups, amino groups which may have 1 or 2 substituents, aminosuffonyl groups which may have, 

s at the amino moiety thereof, 1 or 2 substituents, aminoalkyl groups which may have, at the amino moiety thereof, 1 or 
2 substituents, an oxygen atom, a trrfluoromethyt group, halogen atoms, a hydroxy! group, amino groups, alkoxyl 
groups, alkyl groups, a cyano group, a nrtro group, a carboxyl group, alkoxycarbonyl groups, aminocarbonyl groups 
which may have, at the amino moiety thereof, 1 or 2 substituents, aminosurfonyl groups which may have, at the amino 
moiety thereof, 1 or 2 substituents. aminoalkyl groups which may have, at the amino moiety thereof, 1 or 2 substituents 

10 and a trrfluoromethyi group; and saturated or unsaturated 5- or 6-membered heterocyclic groups each of which may 
have 1 to 3 substituents selected from the group consisting of halogen atoms, a hydroxyl group, amino groups, alkoxyl 
groups, alkyl groups, a cyano group, a nitro group, a carboxyl group, alkoxycarbonyl groups, aminocarbonyl groups 
which may have, at the amino moiety thereof, 1 or 2 substituents, aminosuHonyl groups which may have, at the amino 
moiety thereof, 1 or 2 substituents, aminoalkyl groups which may have, at the amino moiety thereof, 1 or 2 substituents 

is and a trifluoromethyl group. 

[0168] In the present invention, preferred examples of Q 2 include a single bond, a carbonyl group and groups rep- 
resented by the following formula: 



20 




Among the groups represented by the following formula: 



30 




divalent groups derived from benzene, pyrimidine, tetrahydropyrimidine, pyrazine, pyridazine, triazine, tetrazine, imida- 
zole, imidazoline, thiazole, thiazoline, furan, thiophene, pyrrole, oxazole, oxazoline, thiadiazole, cyclopentane, 
cyclopentene, cyclohexane or cyclohexene are preferred. 
[01 69] Particularly preferred is the case where: Q 3 means the following group: 

40 

M 

45 — N N — 

SO 

[wherein, R 8 , R 9 , a, b and c have the same meanings as described above]; and 
T 1 represents a carbonyl group. 

55 

[01 70] The suffonyl derivative of the present invention has optical isomers or stereoisomers based on an asymmet- 
ric carbon atom. Thes ptical isomers and stereois mers and mixtures thereof are all embraced in the present inven- 
tion. 
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[0171] Ttier is no particular limitation imposed on the salt of the surfonyl derivative according t the present inv n- 
tion insofar as it is pharmaceutical!/ acceptable. Specific examples include salts of a mineral acid such as hydrochlo- 
ride, hydrobromide, hydroiodide, phosphate, nitrate and sulfate, benzoate, satts of an organic sulfonic acid such as 
methanesutfonate, 2-hydroxyethanesurfonate and p-t luenesuffonat and salts of an organic carboxylic acid such as 
acetat , propanoate, oxalate, malonate, succinate, glutarate, adipate, tartrate, maleate, malate and mandelate. Hi ere 
is no particular limitation imposed on the solvate insofar as it is pharmaceutical^ acceptable. Specific examples include 
hydrates and ethanolates. . 

[01 72] The following are the preferred compounds as the sulfonyl derivative of the present invention. 



1-[(6-ChloronaphthaJen-2-yl)surfonyl]-4-[4-(pyridin-4-yl)ben2oyI]piperazine hydrochloride 
4-[(6-Chloronaphthalen-2-yl)surfonyl]-1 -[4-(pyridin-4-yl)benzoy0piperazine-2-carboxylic acid hydrochloride 
1-[(6-Chloronaphthalen-2-yl)suHonyl]-4-[4-(pyridin-4-y0nicotinyl]piperazi 
4-[4-[[4-[(6-ChloronapWhalen-2^ N-oxide 
1-[4-(2-Aminopyridin-5-yl)benzoyfl^-[(6-chlaonaprrthalen-2-y0sulfo hydrochloride 
1-[(6-Chloronaphthalen-2-yl)sulfon^ hydrochloride 
1-[4-[2-Aminoimidazol-4-yqbenzoyn-4-[(6-^ hydrochloride 

1- [(6-Chloronaphthalen-2-yl)sulfonyl]^-[4-{pyridin-2-yl)benzoyQpiperazine hydrochloride 

2- [4-[[4-[{6-Chloronaprrthalen-2-yl^ N-oxide 
2-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfonyl]piperazin-1 -yl]carbony0phenyQ-1 -methylpyridinium iodide 
1-[(6-Chloronaphthalen-2-yl)surfonyl]-4-^ hydrochloride 

1- [(E)-4-ChIorostyrylsulfonyT]-4-[4-{2,4-diaminopyrimidin-6-yl)benzoyrjpiperazine hydrochloride 

2- [4-[[4-[(E)-4-Chlorostyrylsulfony0piperazin-1 -yl]carbonyl]phenyl]pyridine N-oxide 
1 -[(E)-4-ChlorostyrylsulfonyO-4-[4-(pyridin-4-yl)benzoyQpiperazine hydrochloride 

3- [4-[[4-[(6-Chloronaphthalen-2-yl)sulfbnyl]piperazin-1 -yl]carbonyl]phenyI]-1 -methylpyridinium iodide 
1-[(6-Chioronaphthalen-2-yl)sulfonyl]-4-[2-riydroxy-4-(pyridin-4-y1)be hydrochloride 
1-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-ethoxycarbonyl-4-[4-(pyridin-4-yl)benzov^ 

1- [(6-Chloronaphthalen-2-yl)sulfonyl]^-[4-^ acid 

2- Carbamoyl-4-[(6-chloronaprrthate hydrochloride 
2-Cart>amoyl-4-[(6-chloronaphthalen-2-y0su^ hydrochloride 

4- [4-[[2-Carbamoyl-4-[(6-chIora N-oxide 
4-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfbny^^ N-oxide 
4-[4-[[2-Cartaxy-4-[(6-Chloronaphthalen-2-^ N-oxide 
2-CailDamoyl-4-[(E)-4-chlorostyrylsutfonyO-[1-[4-(pyridin-4-yl)benz hydrochloride 
1-[trans-4-(Aminomethyl)cyclohexylcarbonv^ hydrochloride 
1-[[(6RS)-6-Aminomethyl-5,6,7,8-tetrahydro 

zine hydrochloride 

1-[(7-Aminomethylnaphthalen-2-yl](^rbonylH^ hydrochloride 
1-[(6-Chloronaphthalen-2-yl]sulfony^ hydrochloride 
1-[(6-Chloronaphthalen-2-yl]sulfonyl]-4-[4-[(3RS)-pyrrolidin-3-yl)benzoyrjpiperazine hydrochloride 

1- [(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(4,5 ( 6,7-tetralTydrothieno[3,2-c]pyridin- hydro- 
chloride 

4-[(6-Chloronaphthalen-2-yl)surfonyl^ 
nyrjpiperazine hydrochloride 

2- Cartxsxy-4-[(6-Ch!oronaphthate 
zine hydrochloride 

1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(5-^^ 
yl)carbonyI]piperazine 
1-[(6-Chloronapthalen-2-y1)sulfonyl]-4^^ 
erazine hydrochloride 

1-[(6-Chloronaphthalen-2-yl)sulfonyl]^-[(4 p 5,6,7-tetrahydrothiazolo[5,4-c] hydro- 
chloride 

1-[(6-Chloronaphthalen-2-yl)surfonyl]-4-[(6-amin^ 
yl]carbonyl]piperazine hydrochloride 

1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(6-formyl-4 ( 5 t 6,7-tetrahydr^ 

1- [(6-Chloronaphthaien-2-yl)sulfon^ yl)carbonyl]pipera- 
zine hydrochloride 

2- [[4-[(6-Chloronaphthalen-2-yl)su^ 
c]pyridinium iodide 
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2-[[4-[(6-Chloronaphthalen-2-y1)sulfon [5,4-c]pyrid- 
ine N-oxide 

2-Cart>amoyl-4-{(6-Chloronaptthalen-2-y1)sulfo^ 
azine trrf luoroacetate 

2-Carbamoyl-4-[(6-chl ronaphthalen-2-yl)sulfony0-1-[(6-methy^ 

nyf]piperazine hydrochloride 

1 -[(6-ChIoronaphthalen-2-yl)sulfo^ 

nyf]piperazine hydrochloride 

1-[(6-Chloronaphthalen-2-yl)sulfonyIH-^^ 

nyf]piperazine hydrochloride 

1-[(E)-4-ChlorostyrylsulfonylH-[(4 t 5,6J-t^ hydrochloride 
1 -[(6-Chloronaphthalen-2-yl)sulfonyi]-4-[[(1 RS)^-(pyridin^-yl)-3-cyclohexenyl]cartx)nyl]piperazine hydrochloride 
cis-, trans-1 -[(6-Chloronaphthalen-2-yl)sulfonyq hydrochloride 
6-[[4-[(6-Chloronaphthalen-2-yl)sulfon^ 
iodide 

1 -[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-(1 p 2,3,6-tetrahydropyridin-4-yl)benzoy0piperazine hydrochloride 
1-[[(E)-2-(6-Ch!oropyrfciin-3-yl)vinyl]^^ 

1-[(6-Chloronaphthalen-2-yl)sulfon^-4-[2-^^ hydrochloride 
4-[4-[[4-[(6-Chloronaprrthalen-2-yl)s^ N-oxide 

1- [(6-Chloronaphthalen-2-yl)suifonyl]-4^^ hydrochloride 
4-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfonyl]piperazin-1-yl]carbonyl]p N-oxide 
4-[4-[[4-(6-Chloronaphthaien-2-y0sulfon^ 

nyl]pyridine N-oxide 

4-[4-[[4-[(6-Chloronaphthalen-2-yl)sutfo^ 
nyl]pyridine N-oxide 

4-[(6-Chloronaphthalen-2-yl)suHbnyO-2-methoxycarbonylmethyl-1-[4-(p^ 

4-[(6-Chloronaphthalen-2-yl)sulfonyn-2-carboxymethylO-[4-(pyrW hydrochloride 

2- Carbamoylmethyl-4-[(6-chloronaphthalen-2^ hydrochloride 

1 -[4-[(3RS)-1 -Acetimidoylpyrrolidin-3-yl]benzoyl]^ hydrochloride 
1-[(6-Chloronaphthalen-2-yl)sulfonyI]^-[4-(2-acetoxymethylpyrrolidin 

1- [(6-Chloronaphthalen-2-yl)sulfonyO-4-[4^ hydrochloride 

2- Hydroxymethyl-4-[4-n4-[(6K;hlorona^^ N-oxide 
2-Cart>amoyl-4-[(6-chloronaphthalen-2-yl)suto^ 

2-[[1-[(6-Chloronaphthalen-2-yl)sulfonyl]piperazin^-yl]carbonyl-4-phenyn N-oxide 
1-[(6-Chloronaphthalen-2-yl)sulfon^ hydrochloride 
1-[(6-Chloronaphthalen-2-yl)sulfonyO^-[4-(3-aminopyridin-2-yl)benzoyl]piperazine hydrochloride 
4-[4-[[1-[(6-ChloronaphthaIen-2-yl)suHbr^ N-oxide 
1 -(2-tert-Butoxycart>onyl-4-(p^ 

1- [2-Cart»xy-4-(pyridin-4-yl)benzoy1]-4-[(6^^ 

1 -(4-Amidinobenzoyl)-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride 

2- Cart5amoyl-4-[(6-chioronapthalen-2-yl)sulfo^ hydrochloride 
1-[4-(2-Aminopyridin-4-y0benzoyQ-4-[(6-chloronaphtralen-2-yl)sulfo hydrochloride 

1- [4-(2-Amincrthiazol-4-yl)benzoyq-4-[(6^ 

2- Carbamoyl-4-[(E)-4-chlorostyiylsurto 

4-[5-[[4-[(6-Chloronaprrthalen-2-yl)sulfor^ N-oxide 
2-Amino-4-[4-[[4-[(6-chloronaphthalen-2-^^ N-oxide 
4-[4-[[4-[(E)-4-Chlorostyrylsulfonyl]piperazin-1 -yl]carbonyl]phenyl]pyridine N-oxide 
4-[4-[[4-[(6-Chloronaphthalen-2-yl)sulfon^ N-oxide 
4-[(6-Chloronaphthalen-2-yl)sulfonyO^ hydrochlo- 
ride 

2-Cart30xymethyl-4-[(6-c^loronaphthalen^^ hydrochloride 
2-Cart3amoylmethyl-4-[(6-chloronapW hydrochloride 
2-[4-[[2-carbamoylmethyl-4-[(6-chloronaphthalen-2-y0sulfonyQpip 1 -yl]carbonyl]phenylJpyridine N-oxide 
2-Methyl-4-[4-H4-[(6-chloronaphthalen-2-yl^ N-oxide 

1- [(6-Chloronaphthalen-2-yl)sutfony^ hydrochloride 

2- [4-[[4-[(6-Chloronaphthalen-2^ N- 
oxid 

4-[4-[[4-[(6-Chloronaphthalen-2-yi)sulfor^ N-oxide 
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4-[(6-Chloronaprrthalen-2-yl)surfony^ hydrochloride 
4-[(6-Chloronaprrtha!en-2-yl)sufo hydrochloride 
2-[4-[[4-[(6-Chlor naphthalen-a-ylJsulfonylJ-a.aKlimethylpiperazin-l -yl]cart)onyllphenyf]pyridine N-oxide 
4-[(6-Chloronaphthalen-2-yl)surforiyl]-2-oxc^ N-oxide 
1 -[(6-Ch!oronaphthalen-2-yl)sufony^^ yQpiperazine hydrochlorid 

1- [(6-Chloronaphthalen-2-yl)sulfonyl]-2-me 
zoyQpiperazine hydrochloride 
4-[4-[[4-(6-Chloronaphthalen-2-y0sulfonyl-3-^^ 
onyl]phenyl]pyridine N-oxide 

2- Carbamoylmetriyl-4-[(6-chIoronaphthate^^ hydro- 
chloride 

4-[4-[[2-CarbarTroylmethyl-4-[(6-chlorona^ N- 
oxide 

2-[4-[[2-Carbamoylmethyl-4-[(6-chloronap N- 
oxide 

1 -[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-(pyridin-2-yl)ben2oyrj-1 ,2,3,4-tetrahydroquinoxaline hydrochloride 
1-[(6-Chloronaphthalen-2-yl)sulfbnyl]-4-[4-(p^^ hydrochloride 

1- [(6-Chloronaphthalen-2-yl)surfonyl]-3^^ 
yl)benzoyl]piperazine hydrochloride 

2- Cajt>amoylmethyl-4-[(6-chloronaphthalen^ hydrochlo- 
ride 

1- [(6-Chloronaphthalen-2-yl)sufonyl^ hydro- 
chloride 

4-[(6-Chloronaphthalen-2-yl)sulfonyl]-1-[4-(p^^ hydrochlo- 
ride 

2- Caitoamoyl-4-[(6-<MoronaphthaIen-2-yl)^ 
2-yl)carbonyl]piperazine hydrochloride 
2-Cart)amoyl-4-[(6-chloronaprrtha^ 
2-yl)carbonyf]piperazine hydrochloride 
4-[(6-Chloronaphthalen-2-yl)sulfonyl]-1-[(6-^^ 
(morpholin-4-yl)ethylamino]carbonyl]piperazine hydrochloride 

1 - [(6-Chloronaphthalen-2-yl)suffo^ 
hydrochloride 

2- Carbamoyl-4-[(6-chloronaphthalen-2-yl)sufo 
din-2-yl)carbonyl]piperazine hydrochloride 

[0173] The process for the preparation of the sulfonyl derivative of the present invention will next be described. 
[0174] The sulfonyl derivative, salt thereof and solvate thereof according to the present invention can be prepared 
by using general, conventionally-known chemical processes in combination. Typical synthesis processes will be 
described subsequently. 

[0175] Upon synthesis of the sulfonyl derivative of the present invention, when it is necessary to protect a substitu- 
ent such as nitrogen atom, hydroxy! group or carboxyl group, it may be protected with a ordinary, conventionally-known 
protecting group which can be removed as needed. Such a protecting group can be removed at need by the synthesis 
process ordinarily employed in the organic chemistry which will be described below. The starting materials necessary 
for the synthesis can be obtained by the synthesis process ordinarily employed in the organic chemistry and such a 
process will be described in Referential Examples. The starting materials can also be synthesized by the application of 
the process described in Referential Examples. 

[0176] A description will next be made of a protecting group for the substituent such as nitrogen atom, hydroxy I 
group or carboxyl group and deprotection process thereof. 

[0177] As a protecting group for the nitrogen atom in an amino or alkylamino group, ordinary acyl-type protecting 
groups are suited. Examples include alkanoyl groups such as acetyl, alkoxycarbonyl groups such as methoxycarbonyl, 
ethoxycarbonyl and tertiary butoxy carbonyl, arylmethoxycarbonyl groups such as benzyloxycarbonyl, paramethoxy- 
benzytoxycarbonyl and para- (ortho-)nitrobenzyloxycarbonyl groups, aryolmethyl groups such as benzyl and tr i phenyl - 
methyl and aroyl groups such as benzoyl. The removing process of such a protecting group differs with the chemical 
properties of the protecting group adopted. For example, the acyl-type protecting group such as alkanoyl, alkoxycarbo- 
nyl or aroyl can be removed by hydrolysis using an appropriate base such as alkali metal hydroxide, for example, lithium 
hydroxide, sodium hydroxide or potassium hydroxide. 

[0178] The substituted methoxycarbonyl type protecting group such as tertiary butoxycarbonyl or paramethoxyben- 
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zytoxycarbonyl can be removed by using an appropriat acid, for example, acetic acid, hydrochloric acid, hydrobr mic 
acid, sulfuric acid, phosphoric acid, trrfluoroacetic acid or trifluoromethanesulfonic acid or combination thereof. The 
arylmethoxycarbonyl group such as benzyloxycarbonyl, paramelhoxybenzyloxycarbonyl or para- (ortho-)nitrobenzy- 
loxycarbonyl, or the arylmethyl gr up such as benzyl can be removed by hydrogenolysis in the presence of a palladium- 

5 carbon catalyst. The benzyl group can also be removed by Birch reduction, in liquid ammonia, in the presence of a 
metal sodium, whereby conversion into a nitrogen-hydrogen bond can be effected. The triphenylmethyl group can be 
removed by using an appropriate acid such as acetic acid, hydrochloric acid, hydrobromic acid, sulfuric acid, phos- 
phoric acid, trrfluoroacetic acid or trrfluoromethane-sulfonic acid or combination thereof. It can also be removed by Birch 
reduction, in liquid ammonia, in the presence of a metal sodium or by hydrogenolysis in the presence of a palladium- 

10 carbon catalyst. 

[0179] In addition to the above-described amino-protecting group, a phthaloyl type protecting group can be adopted 
for a primary amino group and it can be removed using hydrazine, dimethylaminopropylamine or the like. 
[0180] As the protecting group suited for a hydroxy! group, there are acyl type and ether type ones. Examples of the 
acyl type protecting group include alkanoyl groups such as acetyl and aroyl groups such as benzoyl, while those of the 

is ether type protecting group include arylmethyl groups such as benzyl, silyl ether groups such as tertiary butyl dimeth- 
yl si I yl, methoxymethyl and tetrahydropyranyl. The removal of such a protecting group differs with the chemical proper- 
ties of the protecting group adopted. For example, the acyl group such as alkanoyl or aroyl can be removed by the 
hydrolysis using an appropriate base such as an alkali metal hydroxide, for example, lithium hydroxide, sodium hydrox- 
ide or potassium hydroxide. The arylmethyl type protecting group can be removed by the hydrogenolysis using a palla- 

20 dium-carbon catalyst. The silyl group such as tertiary butyl dimethylsilyl can be removed using a hydrof luoride salt such 
as tetrabutyl ammonium fluoride. The methoxymethyl or tetrahydropyranyl group can be removed using acetic acid, 
hydrochloric acid or the like. The hydroxy! group substituted for an aryl group can be protected with a methyl group and 
deprotection can be carried out using a Lewis acid such as aluminum chloride or phosphorus tribromide, trimethytsilyl 
iodide or hydrogen bromide. 

25 [0181 ] A carboxyl group can be protected by the esterif ication of it. A methyl or ethyl ester can be deprotected by 
the hydrolysis using an appropriate base such as alkali metal hydroxide, e.g., lithium hydroxide, sodium hydroxide or 
potassium hydroxide, while from a tertiary butyl ester, the tertiary butyl group can be removed by treating with trif luoro- 
acetic acid or hydrochloric acid. From an arylmethyl type ester such as benzyl, the arylmethyl group can be removed by 
the hydrogenolysis in the presence of a palladium-carbon catalyst. 

30 

[Preparation Process-1] 

[0182] A process for preparing a sulfonyl derivative represented by the following formula (I): 
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[wherein R 1 , R 2 , R 3 , R 4 , R 5 , Q 1 , Q 2 , Q 3 , T 1 , X 1 and X 2 have the same meanings as described above], which comprises 
sulfonylating the nitrogen atom of Q 3 * of the compound represented by the following formula (la): 

45 

Q 1 -Q2-T 1 -Q 3a (la) 

[wherein Q 1 , Q 2 and T 1 have the same meanings as described above and Q 3a represents any one of the groups rep- 
resented by the following formulas: 

50 



55 



26 



EP 1 031 563 A1 




(in which R 8 , R 9 , R 10 , R 1 1 , R 12 , R 13 R 14 R 15 , R 16 , R 17 , a, b, c, d, e, f, g, h and i have the same meanings as described 
above)] with a sulfonic acid halide represented by the following formula (I la): 




[wherein R 1 t R 2 , R 3 , R 4 , R 5 , X 1 and X 2 have the same meanings as described above and Halo represents a halogen 
atom such as chlorine, bromine or iodine]. 

( Synthesis of the compound of the formula (la) > 

[0183] The compound of the formula (la) can be synthesized by a series of operations in accordance with the 
known technique. 

[0184] For example, a compound of the following formula (lb): 

Q 1 -Q 1 -T 1 -Q 3b (lb) 

[wherein Q 1 , Q 2 and T 1 have the same meanings as described above and Q 3b represents any one of the following 
groups: 
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R 8 R 9 



— N N-R" \,_ 




R J 



N 



-R 21 
R" 



R» Wttt-R" 



<r" ^"vfokJ. 



R 17 ' 



»1« 



15 



(wherein R 8 , R 9 , R 10 , R 11 , R 12 , R 13 , R 14 , R 15 , R 16 , R 17 , a, b. c,d, e, f, g, h and i have the same meanings as described 
above and R 21 represents an ordinary nitrogen protecting group such as tertiary butaxycarbonyi, benzyloxycarbonyl, 
paramethoxybenzyioxycarbonyl, paranitrobenzyloxycarbonyl or benzyl)] can be synthesized by acylating the nitrogen 
atom of the compound represented by the following formula (Ilia): 



Q 3b -H 



(Ilia) 



(wherein Q 3 has the same meaning as described above), to which nitrogen atom, the hydrogen atom of Q 3b has been 
bonded, with a carboxylic acid in an activated form represented by any one of the following formulas (IVa) to (IVd): 



Q 1 Q2 b -COOH 
Q 1 -N(R 20 )-(CH2) m1 -COOH 
Q 1 -0-(CH2) m1 -COOH 
Q 1 -S-(CH2) m ,-COOH 



(IVa) 
(IVb) 
(IVc) 
(IVd) 



[wherein Q 1 has the same meaning as described above, R 20 represents a linear or branched alkylene or an ordinary 
nitrogen protecting group such as tertiary butoxycarbonyl, benzyloxycarbonyl, paramethoxybenzyioxycarbonyl, parani- 
trobenzyloxycarbonyl or benzyl, Q 26 represents single bond, a linear or branched C^ 6 alkylene. linear or branched C2. 
6 alkenylene, linear or branched C 2 -6 alkynylene or a group of the following formula: 
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O" 



70 (which has the same meaning as described above) and ml stands for an integer of 1 to 6]. 

[0185] When the nitrogen atom of Q 3b of the compound represented by the formula (Ilia) forms an amide bond, the 
compound of the formula (lb) can be synthesized by alkylating the nitrogen atom of Q 3b of the compound represented 
by the formula (Ufa) with any one of the compounds represented by the following formulas (Va) to (Vd): 

15 Q^Q^-CHlJR 18 (Va) 

Q 1 -N(R 20 )-(CH 2 ) m1 -CHL 1 R 18 (Vb) 

Q 1 -0-(CH2) mr CHL 1 R 18 (Vc) 

20 

Q 1 -S-(CH2) m1 -CHL 1 R 18 (Vd) 

[wherein Q 1 , Q 25 , R 18 , R 20 and ml have the same meanings as described above, and L 1 represents an eliminating 
group frequently used in the organic chemistry, such as chlorine, bromine, iodine, methylsulfonyloxy or paratoluenesul- 
25 fonyloxy]. 

[0186] When the nitrogen atom of Q 2 * 3 of the compound represented by the formula (Ilia) exists as a primary or sec- 
ondary amine, the compound of the formula (lb) can be prepared by reductive alkylation, that is, by forming the corre- 
sponding imine with a carbonyt compound represented by any one of the following formulas (Via) to (Vld): 

30 Q^b-Cf^OJR 18 (Via) 

Q 1 -N(R2°MCH2) m1 -C(=0) R 1 8 (Vlb) 

Q 1 -0-(CH 2 ) mr C(=0)R 18 (Vic) 

35 

Q 1 -S-(CH 2 ) m1 -C(=0)R 18 (Vld) 

[wherein Q 1 , Q 26 , R 18 R 20 and ml have the same meanings as described above], followed by reduction; by reacting 
the compound of the formula (Ilia) with a reagent such as 1,V-carbonyldiimidazole and a compound containing a pri- 
40 mary amine represented by any one of the following formulas (Vila) to (Vlld): 

Q^tf-NHg (Vila) 

Q 1 -N(R 20 )-(CH 2 ) m2 -NH 2 (Vllb) 

45 

^O-fCHaW-NHa (Vile) 

Q^S-CCH^-NHg (Vlld) 

50 



55 




N— H (Vile) 
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(wherein Q 1 , Q 2 and R 20 have the same meanings as described above and m2 stands for an integer of 2 to 6 and a 
group of the following formula: 



5 




— C H 




w represents a 5- or 6-membered heterocyclic group which may have a substituent], thereby forming an urea derivative; 
or by reacting the amine of the formula (Ilia) with an isocyanate derivative or an isocyanate prepared from a carboxylic 
acid represented by any one of the formulas (IVa) to (IVd). 

[0187] When in the structure of Q 1 of the compound represented by the formula (lb), a halogen- or trrfluorometh- 
ane-sulfonyloxy-substrtLrted aryl group or a halogen- or trrfluoromethanesulfonyloxy-substrtuted alkenyl group is con- 
15 tained, coupling reaction can be effected with a boric-acid-substituted aryl compound in the presence of a transition 
metal catalyst. 

[0188] When in the structure of Q 1 of the compound represented by the formula (lb), an alkenyl group is contained, 
it can be subjected to coupling reaction with a halogen-substituted or trrf luoromethanesulfonyloxy-substituted aryl group 
in the presence of a transition metal catalyst. 

20 [0189] When in the structure of Q 1 of the compound represented by the formula (lb), a boric-acid-substituted aryl 
group is contained, it can be subjected to coupling reaction with a halogen- or trrf luoromethanesulfonyloxy-substituted 
aryl compound or a halogen- or trif luoromethanesuHonyloxy-substituted alkenyl compound. When in the structure of Q 1 
of the compound represented by the formula (lb), a halogen- or trifluoromethanesulfonyloxy-substituted aryl group is 
contained, it can be subjected to coupling reaction with an alkenyl compound in the presence of a transition metal cat- 

25 alyst. If the nitrogen atom of Q 36 of the compound (lb) so obtained has been protected, the compound of the formula 
(la) can be obtained by deprotection as needed. 

[0190] Examples of the carboxylic acids of the following formulas (IVa) to (IVd) in an activated form include mixed 
acid anhydrides available by reacting any one of the carboxylic acids of the formulas (IVa) to (IVd) with a chloroformate 
ester such as isobutyl chloroformate, acid halides such as acyl chloride prepared using an acid halide such thionyl chlo- 

30 ride, active esters obtained by reacting with a phenol such as paranitrophenol or pentafluorophenyltrifluoroacetate, 
active esters obtained by reacting with N-hydroxybenztriazole or N-hydroxysuccinimide, reaction products with N,N'- 
dicyclohexylcarbodiimide or N-fS^imetl^laminopropylJ-N'-ethylcarbodiimide hydrochloride which is usually employed 
for the synthesis of amino acid peptide, reaction products with diethyl cyanophosphonate (Shioiri's method) and reac- 
tion products with triphenylphosphine and 2,2 , -dipyrtdylsulf ide (Mukaiyama's method). 

35 [0191] Ttie resulting carboxylic acid in an activated form is then reacted with the compound of the formula (Ilia) or 
salt thereof generally in the presence of an appropriate base in an inert solvent at -78°C to 150°C, whereby the com- 
pound of the formula (lb) can be obtained. Specific examples of the base include carbonates, alkoxides, hydroxides and 
hydrides of an alkali metal or alkaline earth metal, such as sodium carbonate, potassium carbonate, sodium ethoxide, 
potassium botoxide, sodium hydroxide, potassium hydroxide, sodium hydride and potassium hydride; organic metal 

40 bases typified by an alkyi lithium such as n-butyl lithium and a dialkylamino lithium such as lithium diisopropyl amide; 
and organic bases such as pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methyimorpholine, 
diisopropylethylamine and diazabicyclo[5.4.0]undec-7-ene (DBU). 

[0192] Examples of the inert solvent include alky I halide solvents such as dichloromethane, chloroform and carbon 
tetrachloride; ether solvents such as tetrahydrofuran, 1,2-dimethoxyethane and dioxane; aromatic solvents such as 
45 benzene and toluene; and amide solvents such as N.N-dimethylformamide, N,N-dimethylacetamide and N-methylpyr- 
rolidin-2-one. In addition to them, sulfoxide solvents such as dimethylsulfoxide and sutfolane and ketone solvents such 
as acetone and methyl ethyl ketone can be used if they are suited. 

[0193] When the nitrogen atom of Q 3b of the compound represented by the formula (Ilia) forms an amide bond, the 
alkylation of the nitrogen atom is carried out by reacting the compound (Ilia) with the compound represented by any one 

so of the formulas (Va) to (Vd) in the presence of an appropriate base in an inert solvent at -78 to 1 50°C, whereby the com- 
pound of the formula (lb) can be obtained. Specific examples of the base include alkoxides and hydrides of an alkali 
metal or alkaline earth metal such as sodium ethoxide, potassium butoxide, sodium hydride and potassium hydride; 
organic metal bases typified by an alkyi lithium such as n-butyl lithium and a dialkylamino lithium such as lithium diiso- 
propylamide; and organic bases such as diazabicyclo[5.4.0]undec-7-ene (DBU). 

55 [01 94] Examples of the inert solvent include ether solvents such as tetrahydrofuran, 1 ,2-dimethoxyethane and diox- 
ane and amide solvents such as N.N-dimethytformamide. 

[01 95] When the nitrogen atom f Q 3b of the compound represented by the formula (I I la) exists as a primary or sec- 
ondary amine, the compound of the formula (lb) can be obtained by reacting the compound of the formula (Ilia) with the 



30 



EP 1 031 563 A1 



carbonyl compound of any ne of the formulas (Via) to (Vtd) to form the corresponding imine, generally in an inert sol- 
vent, in the presence of an organic acid such as acetic acid, a mineral acid such as hydrochloric acid or a Lewis acid 
such as aluminum chloride at -20 to 150°C; and then hydrogenating the resulting imin in an inert solvent in the pres- 
ence of a boron hydrid reducing agent such as sodium borohydride, sodium cyanoborohydrtde r sodium triacetoxy- 

s borohydride or a catalytic reduction catalyst such as palladium-carbon catalyst at 1 0 to 1 1 0°C. 

[0196] Preferred examples of the inert solvent include carbon halides such as dichloromethane, chloroform and 
carbon tetrachloride, ether solvents such as tetrahydrofuran, 1 ,2-dimethoxyethane and dioxane, benzene solvents such 
as toluene and amide solvents such as N.N-dimetnylformamide, N.N-dimethylacetamide and N-methylpyrrolidin-2-one. 
[01 97] When the nitrogen atom of Q 3 of the compound represented by the formula (II la) exists as a primary or sec- 

to ondary amine, the reaction product between the compound of any one of the formulas (Vila) to (VI lb) containing a pri- 
mary amine or the compound of the formula (Vile) containing a secondary amine and a reagent such as 1,1'- 
carbonyldiimidazole can be reacted with the compound of the formula (Ilia) to introduce it to the corresponding urea 
derivative. The derivative can be synthesized by reacting the primary amine compound of any one of the formulas (Vila) 
to (VI Id) or the secondary amine compound of the formula (Vile), a reagent such as carbonyldiimidazole and the com- 

15 pound of the formula (Ilia) successively in this order, if necessary in the presence of a base, in an inert solvent. 

[0198] Examples of the inert solvent include halogen solvents such as dichloromethane, chloroform and carbon tet- 
rachloride; ether solvents such as tetrahydrofuran, 1 ,2-dimethoxyethane and dioxane; benzene solvents such as tolu- 
ene; and amide solvents such as N.N-dimethylformamide, N.N-dimethylacetamide and N-methylpyrrolidin-2-one. 
Among them, dichloromethane, tetrahydrofuran and toluene are preferred. 

20 [0199] Examples of the base include carbonates and hydroxides of an alkali metal or alkaline earth metal, such as 
sodium carbonate, potassium carbonate, sodium hydroxide and potassium hydroxide; and organic bases such as pyri- 
dine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine and 
diazabicydo[5.4.0]undec-7-ene (DBU) . The reaction is effected within a temperature range of from -70°C to 1 10°C. 
[0200] When the nitrogen atom of Q 35 of the compound represented by the formula (Ilia) exists as a primary or sec- 

25 ondary amine, the compound of the formula (lb) can also be obtained by reacting the compound of the formula (Ilia) 
with an isocyanate derivative in an inert solvent at -20 to 100°C. 

[0201] The isocyanate derivative can be synthesized by converting the carboxylic acid of the formula (IVa) into the 
corresponding acid halide by using an acid halide such as thionyl chloride or oxalyl chloride in an inert solvent such as 
tetrahydrofuran, chloroform or toluene at -20 to 1 10°C, reacting the resulting acid halide with sodium azide in an inert 

30 solvent such as tetrahydrofuran, chloroform or toluene at a temperature range of from 0 to 80°C, and then heating the 
reaction mixture at 20 to 100°C; reacting the carboxylic acid of the formula (IVa) with a chlorofbrmate such as isobutyl 
chloroformate in an inert solvent such as tetrahydrofuran, chloroform or toluene at -20 to 110°C to obtain the corre- 
sponding mixed acid anhydride, reacting the mixed acid anhydride with sodium azide within a temperature range of 
from 0 to 80°C and then heating the reaction mixture at 20 to 100°C; or by introducing the carboxylic acid of the formula 

35 (IVa) into the corresponding hydrazide through an ester in an inert solvent such as tetrahydrofuran, chloroform or tolu- 
ene at -20 to 1 10°C, reacting the hydrazide with nitric acid or alkyl ester thereof to convert it into the corresponding acyl 
azide and then heating the resulting acyl azide in a solvent such as chloroform, dichloroethane, toluene, xylene or N,N- 
dimethylformamide at 20 to 150°C. 

[0202] The compound of the formula (lb) can also be prepared by reacting the carboxylic acid of the formula (IVa) 
40 with diphenylphosphoryl azide in the presence of a base such as triethylamine, in an inert solvent such as chloroform, 
tetrahydrofuran, toluene or N.N-dimethylformamide at a temperature range of 10 to 140°C and then reacting the reac- 
tion mixture with the amine of the formula (Ilia). 

[0203] When in the structure of Q 1 of the compound represented by the formula (lb), a halogen- or trif luorometh- 
ane-sulfonyloxy-substituted aryl group or a halogen- or trifluoromethanesulfonyoxy-substituted alkenyl group is con- 

45 tained, the compound can be subjected to coupling reaction with a boric-acid-substituted aryl derivative by using a 
transition metal catalyst such as tetrakis(triphenylphosphine)palladium (O), in a two-phase solvent such as benzene- 
water or toluene-water, amide solvent such as N.N-dimethylformamide or ether solvent such as tetrahydrofuran or 
dimethoxyethane, in the presence of a base such as sodium carbonate, sodium hydroxide, barium hydroxide, potas- 
sium phosphate or cesium carbonate at a temperature range of 20 to 150*C for 0.5 to 120 hours. 

so [0204] When an alkenyl group is contained in the structure of Q 1 of the compound represented by the formula (lb), 
coupling reaction of the compound with a halogen- or trrfluoromethanesulfonyloxy-substituted aryl group can be 
effected using a transition metal catalyst such as palladium acetate, in the presence of an appropriate base, in an amide 
solvent such as N.N-dimethylformamide, at a temperature range of 20 to 1 50°C for 0.5 to 1 20 hours. When a boric-acid- 
substituted aryl group is contained in the structure of Q 1 of the compound represented by the formula (lb), coupling 

55 reaction of the compound with a halogen- or trifluoromethanesulfonylcocy-substituted aryl derivative or a halogen- or tri- 
f luoromethanesuffonyloxy-substituted alkenyl derivative can be effected. When a halogen- or trrf luoromethanesulfony- 
loxy-substituted aryl group is contained in the structure f Q 1 of the compound represented by the formula (lb), coupling 
reaction of the compound with an alkenyl compound can be effected using a transition metal catalyst. 
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[0205] tf the nitrogen atom of Q 3b of the comp und represented by th f rmula (lb) has been protected as 
described above, the compound of the formula (la) can be obtained by deprotection as needed. 

< Synthesis of the compound represented by the formula (Ha)) 

[0206] The sulfonic acid ha I id e of the formula (I la) can be synthesized by any one of the various conventionally- 
reported processes (The Chemistry of Sulfonic Acids Esters and their Derivatives. Edited by S. Patai and Z. Rappoport, 
1991, John Wiley & Sons Ltd.), for example, halogenation of the corresponding sulfonic acid of the following formula 
(lib): 



iS--tiC ciib) 

or halogenosulfonylation of an unsaturated-bond-corrtaining compound represented by the following formula (lie): 

a 1 



""^-C^ (iic > 



[wherein in the above formulas (lib) and (lie), R 1 , R 2 , R 3 , R 4 , R 5 , X 1 and X 2 have the same meanings as described 
30 above]. 

[0207] For example, the sulfonic acid halide of the formula (Ma) can be obtained by reacting the sulfonic acid of the 
formula (lib) with a thionyl halide in the presence of N.N-dimethyHormamide at 0 to 150°C for 0.5 to 24 hours. At this 
time, the reaction system can be diluted with a solvent such as dichloromethane, chloroform, carbon tetrachloride, N- 
methylpyrrolidin-2-one, dimethyisulfoxide or sulfolane. 
35 [0208] The sulfonic acid halide of the formula (Ha) can also be obtained by reacting the unsaturated-bond-corrtain- 
ing compound of the formula (lie) with a thionyl halide or chlorosulfonic acid in a solvent such as N,N-dimethylforma- 
mide at 0 to 150°C for 0.5 to 24 hours. 

[0209] TTie compound of the formula (I) can be obtained generally by reacting the compound of the formula (la), 
which has been synthesized by the above-described process or the like, with the sulfonic acid halide of the formula (Ha) 
40 which has been synthesized by the above-described process or the like, in the presence of an appropriate base, in an 
inert solvent at -78 to 150°C. 

[0210] Specific examples of the base include carbonates, alkoxides, hydroxides and hydrides of an alkali metal or 
alkaline earth metal, such as sodium carbonate, potassium carbonate, sodium ethaxide, potassium bot oxide, sodium 
hydroxide, potassium hydroxide, sodium hydride and potassium hydride; organic metal bases typified by an alkyl lithium 
45 such as n-butyl lithium and a dialkylamino lithium such as lithium diisopropylamide; and organic bases such as pyridine, 
2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine and diazabi- 
cyclo[5.4.0]undec-7-ene (DBU). 

[0211] Examples of the inert solvent include dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 
1,2-dimethoxyethane, dioxane, toluene, N.N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidin-2-one, 
so dimethyisulfoxide, sulfolane and acetone. 



[Preparation Process-1-(1)] 

[021 2] When the nitrogen atom of Q 33 of the compound represented by the formula (la), which is to be sulfonylated, 
55 exists as a primary or secondary amine, preferred examples of the base include carbonates and hydroxides of an alkali 
metal or an alkaline earth metal such as sodium carbonate, potassium carbonate, sodium hydroxide and potassium 
hydroxide and rganic bases such as pyridine, 2,6-lutidine, collidine, 4-dimethylamin pyridine, triethylamine, N-methyl- 
morpholine, diisopropylethylamine and diazabicyclo[5.4.0Jundec-7-ene (DBU) and usable examples of the solvent 
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includ , in addition to inert solvents, alcohol solvents such as ethan I and butanol and ester solvents such as ethyl ac 
tate. 



[Preparation Process-1-(2)] 

5 

[021 3] When the nitrogen atom of Q 3 of the compound represented by the formula (la), which is to be sulfonylated, 
forms an amide group, preferred examples of the base include alkoxides and hydrides of an alkali metal or an alkaline 
earth metal such as sodium ethaxide, potassium botoxide, sodium hydride and potassium hydride, organic metal bases 
typified an alky I lithium such as n-butyl lithium and a dialkylamino lithium such as lithium diisopropylamide and organic 
10 bases such as diazabicyclo[5.4.0]undec-7-ene (DBU). Examples of the inert solvent include tetrahydrofuran, 1,2- 
dimethoxyethane, dioxane and N.N-dimethytformamide. 

[Preparation Process-2] 

is [021 4] A process for preparing the sulfonyl derivative (I) by acylating the nitrogen atom of Q 3a of the compound rep- 
resented by the formula (Villa): 



20 




(Villa) 



25 

[wherein R 1 , R 2 , R 3 , R 4 , R 5 , X 1 , X 2 and Q 3a have the same meanings as described above] with a carboxylic acid of the 
following formula (IVa): 



30 



Q^tf-COOH (IVa) 

[wherein Q 1 and Q 2 have the same meanings as described above] or the carboxylic acid in an activated form. 
[0215] The compound of the following formula (Vlllb): 



35 




(Vlllb) 



40 

[wherein R 1 , R 2 , R 3 , R 4 , R 5 , X 1 , X 2 and Q 3b have the same meanings as described above] can be obtained by sutfo- 
nylating the nitrogen atom of the primary amine, secondary amine or amide compound of the formula (Ilia) with a sul- 
fonic acid halide represented by the following formula (Ila): 



50 




(Ha) 



[wherein R 1 . R 2 , R 3 , R 4 , R 5 , X 1 , X 2 and Halo have the same meanings as described above] in the presence of an appro- 
55 priate base in an inert solvent at -78 to 150°C. 

[0216] Specific examples of the base include carbonates, alkoxides, hydroxides and hydrides of an alkali metal or 
alkaline earth metal, such as sodium carbonate, potassium carbonate, sodium ethaxide, potassium but xide, sodium 
hydroxide, potassium hydroxide, sodium hydride and potassium hydride: organic metal bases typified by an alky! lithium 
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such as n-butyl lithium and a dialkylamino lithium such as lithium diisopropylamide; and organic bases such as pyridin , 
2.6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methyimorpholine, diisopropytethylamine and diazabi- 
cyclo[5.4.0]undec-7-ene (DBU). 

[0217] Examples of the inert solvent include dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 
1 ,2-dimethoxyethane, dioxane, toluene, N,N-dimethylformamide, N,N-dimethylacetamide, N-methylpyrrolidin-2-one, 
dimethylsulfbxide, sulfolane and acetone. 

[0218] K the nitrogen atom of Q 3b of the resulting compound represented by the formula (VII lb) has been protected, 
the compound of the formula (Villa) can be obtained by deprotection as needed. 

[021 9] The compound of the formula (Villa) can be obtained by removing the protecting group of the nitrogen atom 
from the compound represented by the following formula (Vlllc): 




(VXXIc) 



[wherein R 2 , R 3 , R 4 , R 5 , X 1 and X 2 have the same meanings as described above and Q 3c represents any one of the 
following groups: 




(wherein R 22 represents a hydrogen atom, 
an alkyl group, 

a hydroxy! group protected with methoxymethyl, tetrahydropyranyl or the like, 
a hydroxyalkyl group protected with methoxymethyl, tetrahydropyranyl or the like, 
an alkoxyl group, 
an alkoxyalkyl group, 
a dialkoxyalkyl group, 
a dialkylamino group, 

a monoalkylamino group in which the amino moiety has been protected with tertiary butoxycarbonyl, 
a dialkylaminoalkyl group, 

a monoalkylaminoalkyl group in which the amino moiety has been protected with tertiary butoxycarbonyl, 
a dialkyiaminocarbonyl group, 
a dialkylaminocarbonylalkyl group, 
a dialkylaminoalkyloxy group, 

a monoalkylaminoalkyloxy group in which the amin moiety has been protected with tertiary butoxycarbonyl, 
a dialkylaminoalkylalkylaxy group, 
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a monoalkytaminoalkyloxy group in which th amino moiety has been protected with tertiary butoxycarbonyl, 
a diaikylaminocarbonytalkytoxy group or the like. 

[0220] When the carbon atom to which R 23 , R 24 , R 25 or R 26 has been bonded is not adjacent to the nitrogen atom, 
R 23 , R 24 , R 25 and R 26 each independently represents: 

a hydrogen atom, 
an alkyl group, 

a hydroxyi group protected with methoxymethyl, tetrahydropyranyl or the like, 
a hydroxyalkyl group protected with methoxymethyl, tetrahydropyranyl or the like, 
an alkoxyl group, 
an alkoxyalkyl group, 
a dialkoxyalkyl group, 
a diaJkylamino group, 

a monoalkylamino group in which the amino moiety has been protected with tertiary butoxycarbonyl, 
a diaJkylaminoalkyl group, 

a monoalkylaminoalkyl group in which the amino moiety has been protected with tertiary butoxycarbonyl, 
a dialkylaminocarbonyl group, 
a dialkylaminocarbonylalkyl group, 
a dialkylaminoalkyloxy group, 

a monoalkylaminoalkyloxy group in which the amino moiety has been protected with tertiary butoxycarbonyl, 
a dialkylarninocarbonylalkyloxy group or the like. 

[0221 ] When the carbon atom to which R 23 , R 24 , R 25 or R 26 has been bonded is adjacent to the nitrogen atom, R 23 , 
R 24 , R 25 and R 26 each independently represents: 

a hydrogen atom, 
an alkyl group, 

a hydroxyalkyl group in which the hydroxyi moiety has been protected with methoxymethyl, tetrahydropyranyl or the 
like, 

an alkoxyalkyl group, 
a dialkoxyalkyl group, 
a dialkylaminoalkyl group, 

a monoalkylaminoalkyl group in which the amino moiety has been protected with tertiary butoxycarbonyl, 
a dialkylaminocarbonyl group, 
a dialkylaminocartonylalkyl group, 
a dialkylaminoalkyloxy group or the like. 

[0222] R 23 and R 24 as well as R 25 and R 26 , may be coupled together to form a saturated or unsaturated 5- to 7- 
membered cyclic hydrocarbon group which may have a substituent or a saturated or unsaturated 5- to 7-membered het- 
erocyclic group which may have a substituent. 
[0223] R 27 represents: 

an alkyl group, 

a hydroxyalkyl group in which the hydroxyi moiety has been protected, 

a hydroxyalkylcarbonyl group in which the hydroxyi moiety has been protected, 

a hydroxyalkylsulfonyl group in which the hydroxyi moiety has been protected, 

an alkoxyalkyl group, 

an alkoxyalkylcarbonyl group, 

an alkoxyalkylsutfonyl group, 

an alkylcarbonyl group, 

an alkylcarbonylalkyl group, 

an alkylsurfonyl group, 

an alkylsulfonylalkyl group, 

an alkoxycarbonyl group. 

an alkoxycarbcylalkyl group, 

an aikoxycarbonylalkylcarbonyl group, 

an alkoxycarbonylalkylsulfonyl group, 
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a dialkylaminoalkyl group, 

a monoalkylaminoalkyl group in which the amino moiety has been protected with tertiary butoxycarbonyl, 

a dialkylaminocarbonyl group, 

a dialkylaminocarbonylalkyl group, or the like. 

[0224] R 25 and R 27 , or R 26 and R 27 may be coupled together to form a saturated or unsaturated 5- to 7-membered 
heterocyclic group which may have a substrtuent. 

[0225] R 28 represents a tertiary butoxycarbonyl, benzyl or triphenylmethyl group, j and k each independently rep- 
resents an integer of 0 or 1 and I stands for an integer of 1 to 3 with the proviso that the sum of k and I stands for an 
integer of 1 to 4.)] 

[0226] The compound represented by the formula (VI lie) can be obtained by reacting an amino compound which is 
available by the known process or application thereof and is represented by the following formula (Nib); 

Q 3c -H (lllb) 

[wherein Q 3C has the same meaning as described above] with an aikylsulfonic acid halide in the presence of an appro- 
priate base; reacting the resulting sulfonamide represented by the following formula (IXa): 



V 



Q3c ^ 



[wherein R 3 and Q 30 have the same meanings as described above] with a carbonyl compound represented by the fol- 
lowing formula (Xla): 



R" 



R" 

(Xla) 



[wherein R 2 , Ft 4 , Ft 5 . Ft 22 , X 1 and X 2 have the same meanings as described above] in an inert solvent in the presence 
of an appropriate base to obtain the alcohol product represented by the following formula (Xlla): 



o 

o4 



M3C 



R« 



[wherein R 2 , R 3 , R 4 , R 5 , R 22 , Q 3c X 1 and X 2 have the same meanings as described above]; converting the alcohol moi- 
ety of the alcohol product (Xlla) into a methanesutfonyloxy group or the like in the presence of an appropriate base, or 
converting the alcohol moiety into a halogen atom by a phosphorus halide or triphenylphosphine/carbon tetrahalide, 
thereby forming an eliminating group; and then eliminating methanesulfonic acid or hydrogen haiide in the presence of 
an appropriate base. 

[02271 The sulfonamide compound of the formula (IXa) can be obtained by reacting the amino compound of the for- 
mula (lllb) available by the known method or application thereof with an aikylsulfonic halide which may have a substrt- 
uent, in the presence f an appropriate base, in an inert solvent at -78 to 150°C. 

[0228] Examples of the base include carbonates of an alkali metal or alkaline earth metal, such as sodium carbon- 
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ate and potassium carbonate and organic bases such as pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridin , tri- 
ethytamine, N-methylmorpholine, diisopropyl ethyl amine and diazabicyclo[5.4.0]undec-7-ene (DBU). Examples of the 
inert solvent include dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 1,2-dimethoxyethane, diox- 
ane, toluene, N.N-dimethyrforrnamide, N.N-dimethylacetamide and N-methylpyrr ltdin-2-on . Dimethylsurfoxide, sul- 
5 folane, acetone or the like can be used, though depending on the kind of the bases employed. 

[0229] The alcohol compound of the formula (XI la) can be obtained by reacting the sulfonamide of the formula (IXa) 
with a carbonyl compound of the formula (Xla) in the presence of an appropriate base in an inert solvent at -78 to 
110°C. 

[0230] Examples of the base include hydrides of an alkali metal or alkaline earth metal such as sodium ethoxide, 
10 potassium botoxide, sodium hydride and potassium hydride and organic metal bases typified by an alkyl lithium such 
as n-butyl lithium and a dialkylamino lithium such as lithium diisopropylamide. Examples of the inert solvent include tet- 
rahydrofuran, 1,2-dimethoxyethane and dioxane. 

[0231] The compound of the formula (VI lie) can be obtained by treating the hydroxy! group of the alcohol product 
of the formula (Xlla) with a phosphorus halide such as phosphorus pentachloride or a triphenylphosphine-halogen com- 

is plex such as triphenylphosphine dibromide in the presence of an appropriate base, for example, the carbonate of an 
alkali metal or alkaline earth metal, such as sodium carbonate or potassium carbonate, or an organic base such as pyri- 
dine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine or 
diazabicyclo[5.4.0]undec-7-ene (DBU), in a solvent such as dichloromethane, chloroform, carbon tetrachloride, tetrahy- 
drofuran, 1 ,2-dimethoxyethane, dioxane, toluene or N,N-dimethy(formamide at -20 to 1 10°C, thereby obtaining the cor- 

20 responding halide, and then eliminating the hydrogen halide from the resulting halide under basic conditions, for 
example, by treating at -78 to 150°C with a carbonate, alkoxide. hydroxide or hydride of an alkali metal or alkaline earth 
metal, such as sodium carbonate, potassium carbonate, sodium ethoxide, potassium butoxide, sodium hydroxide, 
potassium hydroxide, sodium hydride or potassium hydride, an organic metal base typified by alkyl lithium such as n- 
butyl lithium and a dialkylamino lithium such as lithium diisopropylamide, or an organic base such as pyridine, 2,6-luti- 

25 dine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine and diazabicy- 
clo[5.4.0]undec-7-ene (DBU) in dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 1,2- 
dimethoxyethane, dioxane, toluene, N,N-dimethylformamide, N.N-dimethylacetamide, N-methylpyrrolidin-2-one or 
dimethylsulfbxide. 

[0232] The compound of the formula (Vlllc) can also be obtained by treating the hydroxyl group of the alcohol prod- 

30 uct represented by the formula (Xlla) with an alkyl- or arylsulfonic acid chloride such as methanesulfonic acid chloride 
in the presence of an appropriate base, for example, a carbonate of an alkali metal or alkaline earth metal such as 
sodium carbonate or potassium carbonate or an organic base such as pyridine, 2,6-lutidine, collidine, 4-dimethylami- 
nopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine or diazabicyclo[5.4.0]undec-7-ene (DBU), in a 
solvent such as dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 1 ,2-dimethoxyethane, dioxane, tol- 

35 uene or N.N-dimethyfformamide at -20 to 1 1 0°C to obtain the corresponding alkyl- or arylsuffonate derivative; and then 
eliminating the alkyl- or arylsulfonic acid from the resulting alkyl- or arylsuKonate derivative under basic conditions, 
described specifically, by treating the resulting alkyl- or arylsulfonate derivative at -78 to 1 50°C in the presence of a car- 
bonate, alkoxide, hydroxide or hydride of an alkali metal or alkaline earth metal such as sodium carbonate, potassium 
carbonate, sodium ethoxide, potassium butoxide, sodium hydroxide, potassium hydroxide, sodium hydride or potassium 

40 hydride, an organic metal base typified by an alkyl lithium such as n-butyl lithium and a dialkylamino lithium such as lith- 
ium diisopropylamide, or an organic base such as pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethyl- 
amine, N-methylmorpholine, diisopropylethylamine or diazabicyclo[5.4.0]undec-7-ene (DBU) in an inert solvent such as 
dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 1,2-dimethoxyethane, dioxane, toluene, N,N- 
dimethylfbrmamide, N.N-dimethylacetamide. N-methylpyrrolidin-2-one or dimethylsulfoxide. 

45 [0233] The compound of the formula (Vlllc) can also be obtained by treating the sulfonamide of the formula (IXa) 
with a silyl halide such as trimethylsilyl chloride in the presence of an appropriate base in an inert solvent to convert it 
to the corresponding silyl compound, reacting the resulting silyl compound with a carbonyl compound of the formula 
(Xla) in the presence of a base in an inert solvent and then treating the reaction product under acidic to basic aqueous 
conditions (Peterson's reaction). Described specifically, the compound of the formula (Vlllc) can be obtained by treating 

so the sulfonamide of the formula (IXa) with an alkyl silyl chloride such as trimethylsilyl chloride at -78 to 1 1 0°C in the pres- 
ence of a hydroxide of an alkali metal or alkaline earth metal such as sodium ethoxide, potassium butoxide, sodium 
hydride or potassium hydride or an organic metal base typified by an alkyl lithium such as n-butyl lithium or a 
dialkylamino lithium such as lithium diisopropylamide in a solvent such as tetrahydrofuran, 1,2-dimethoxyethane or 
dioxane, to convert it to the corresponding silyl compound, condensing with the carbonyl compound of the formula (Xla) 

55 under the same conditions and then treating the condensate under acidic to basic aqueous conditions. 

[0234] The protecting group for the nitrogen atom of the compound represented by the formula (Vlllc) can be 
removed by the ordinarily employed method. Described specifically, when the protecting group is a tertiary butoxycarb- 
onyt group, it can be removed by using an appropriate acid such as acetic acid, hydrochloric acid, hydrobromic acid, 
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sulfuric acid, phosphoric acid, trrftu roacetic acid r trif luoromethanesurfonic acid or combination thereof. The arylme- 
thyl group such as benzyl can be removed by the hydrogenolysis in the presence of a palladium-carbon catalyst. The 
triphenyimethyl group can be removed by using an appropriate acid such as acetic acid, hydrochloric acid, hydrobromic 
acid, sulfuric acid, phosphoric acid, triffu roacetic acid or trrfluoromethanesuffonic acid or combination thereof. It can 
also be removed by Birch reduction with a metal sodium in liquid ammonia or by hydrogenolysis in the presence of a 
palladium-carbon catalyst 

[0235] TTius, by the removal of the protecting group from the compound of the formula (Vlllc), the compound of the 
formula (Villa) can be obtained. Examples of the carboxylic acid of the formula (IVa) in an appropriate activated form 
include mixed acid anhydrides available by reacting the carboxylic acid of the formula (IVa) with a chloroformate ester 
such as isobutyl chloroformate, thereby converting it into the corresponding acid anhydride, acid halides such as acyl 
chloride prepared by treating with an inorganic acid halide such thionyl chloride, active esters obtained by reacting with 
a phenol such as paranitrophenol or pentaf luorophenyl-trrfluoroacetate, active esters obtained by reacting it with N- 
hydroxybenztriazole or N-hydroxysuccinimide, reaction products with N.N'-dicyclohexylcarbodiimide or N-(3-dimethyl- 
aminopropyl)-N'-ethylcarbodiimide hydrochloride which is ordinarily employed in the synthesis of an amino acid, reac- 
tion products with diethyl cyanophosphonate (Shioiri's method) and reaction products with triphenylphosphine and 2,2'- 
dipyridylsuffide (Mukaiyama's method). 

[0236] The resulting carboxylic acid in an activated form is then reacted with the compound of the formula (Villa) at 
- 78°C to 1 50°C, generally in the presence of an appropriate base in an inert solvent, whereby the sulfonyl derivative of 
the formula (I) can be obtained. Specific examples of the base include carbonates, alkoxides, hydroxides and hydrides 
of an alkali metal or alkaline earth metal, such as sodium carbonate, potassium carbonate, sodium ethoxide, potassium 
butoxide, sodium hydroxide, potassium hydroxide, sodium hydride and potassium hydride; organic metal bases typified 
by an alkyl lithium such as n-butyl lithium and a dialkylamino lithium such as lithium diisopropylamide; and organic 
bases such as pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropyl- 
ethylamine and diazabicyclo[5.4.0]undec-7-ene (DBU). 

[0237] Examples of the inert solvent include dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 
1,2-dimethoxyethane, dioxane, toluene, N,N-dimethylformamide, N.N-dimethylacetamide, N-methylpyrrolidin-2-one, 
dimethylsulfoxtde, sulfolane and acetone. 



[Preparation process-2-(1)] 



[0238] When the nitrogen atom of Q 3 of the compound of the formula (Villa): 




[wherein R 1 , R 2 , R 3 , R 4 , R 5 , X 1 , X 2 and Q 38 have the same meanings as described above] which is to be acylated exists 
as a primary or secondary amine, preferred examples of the base include carbonates and hydroxides of an alkali metal 
or alkaline earth metal, such as sodium carbonate, potassium carbonate, sodium hydroxide and potassium hydroxide 
and organic bases such as pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, 
diisopropylethylamine and diazabicyclo[5.4.0]undec-7-ene (DBU); and examples of the solvent include, in addition to 
inert solvents, alcohol solvents such as ethanol and butanol and ester solvents such as ethyl acetate. 

[Preparation process-2-(2)] 

[0239] When the nitrogen atom of Q 3 of the compound of the formula (Villa): 
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5 




(Villa) 



10 [wherein R 1 , R 2 t R 3 R 4 , R 5 , X 1 , X 2 and Q 38 have the same meanings as described above] which is to be acylated forms 
an amide bond, examples of the base include alkoxides and hydrides of an alkali metal or alkaline earth metal such as 
sodium ethoxide, potassium butaxide, sodium hydride and potassium hydride, organic metal bases typified by an alkyl 
lithium such as n-butyl lithium and a dialkylamino lithium such as lithium diisopropylamide and organic bases such as 
diazabicyclo[5.4.0]undec-7-ene (DBU) and preferred examples of the inert solvent include tetrahydrofuran, 1 ,2-dimeth- 

is oxyethane, dioxane and N,N-dimethyHbrmamide. 

[Preparation Process-3] 

[0240] A process for preparing the sulfonyl derivative of the present invention, in the case where the nitrogen atom 
20 of Q 3a of the compound represented by the following formula (Villa): 



25 




(VZIZa) 



30 

[wherein R 1 , R 2 , R 3 , R 4 , R 5 , X 1 , X 2 and Q 3 * have the same meanings as described above) forms an amide, by alkylat- 
ing the nitrogen atom of the compound represented by the formula (Villa) with the compound represented by any one 
of the following formulas (Va) to (Vd). 

35 C^-Q^-CHUR 18 (Va) 

Q 1 -N(R 20 )-(CH2) m1 -CHL 1 R 18 (Vb) 

Q 1 -0-(CH2) mr CHL 1 R 18 (Vc) 

40 

Q 1 -S(CH 2 ) m1 -CHL 1 R 18 (Vd) 
[wherein Q 1 , Qp b , R 18 , R 20 , ml and L 1 have the same meanings as described above], 

[0241] When the nitrogen atom of Q 3a of the compound represented by the formula (Villa) forms an amide bond, 
45 the sulfonyl derivative of the formula (I) can be synthesized by alkylating the nitrogen atom with the compound of any 
one of the formulas (Va) to (Vd). described specifically, by reacting the compound of the formula (Villa) with the com- 
pound of any one of the formulas (Va) to (Vd) at -78 to 150°C in the presence of an appropriate base in an inert solvent 
for 0.5 to 120 hours, thereby alkylating the nitrogen atom. 

[0242] Examples of the base include alkoxides and hydrides of an alkali metal or alkaline earth metal such as 
so sodium ethoxide, potassium butaxide, sodium hydride and potassium hydride, organic metal bases typified by an alkyl 
lithium such as n-butyl lithium and a dialkylamino lithium such as lithium diisopropylamide and organic bases such as 
diazabicyclo[5A0]undec-7-ene (DBU). Preferred examples of the inert solvent include tetrahydrofuran, 1,2-dimethox- 
yethane, toluene, dioxane and N.N-dimethylformamide, 

55 [Preparation Process-4] 

[0243] A process of preparing the sulfonyl derivative (I), in the cas where th nitrogen atom f G 3 of the compound 
represented by the following formula (Villa): 
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5 




(Villa) 



w [wherein R 1 , R 2 , R 3 , R 4 , R 5 , X 1 , X 2 and Q 3a have the same meanings as described above] exists as a primary or sec- 
ondary amine, by forming the corresponding imine with the carbonyl compound of any one of the following formulas 
(Via) to (Vld): 

Q 1 -tf b -C(*0)R 18 (Via) 

15 

Q 1 -N(R2°)-(CH2) m rC(=0)R 18 (Vlb) 

Q 1 -0-(CH 2 ) m1 -C(=0)R 18 (Vic) 

zo Q 1 -S-(CH 2 ) m1 -C(=0)R 18 (Vld) 

[wherein Q 1 , Q 25 . R 18 R 20 and ml have the same meanings as described above], followed by reduction. 
[0244] When the nitrogen atom of Q 3a of the compound of the formula (Villa) exists as an amine, the sulfonyl deriv- 
ative of the formula (I) can be obtained by reacting the compound of the formula (Villa) with the carbonyl compound of 

25 any one of the formulas (Via) to (Vld) at -20 to 1 50°C for 0.5 to 1 20 hours generally in an inert solvent and if necessary 
in the presence of an organic acid such as acetic acid, mineral acid such as hydrochloric acid or Lewis acid such as 
aluminum chloride, thereby forming the corresponding imine; and hydrogenating the resulting imine at 10 to 1 10°C for 
0.5 to 120 hours in an inert solvent in the presence of a boron hydride reducing agent such as sodium borohydride, 
sodium cyanoborohydride or sodium triacetoxyborohydride or a catalytic reduction catalyst such as palladium-carbon. 

30 [0245] Examples of the inert solvent include dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 
1 ,2-dimethoxyethane, dioxane, toluene, N,N-dimethylfbrmamide, N.N-dimethylacetamide, N-methylpyrrolidin-2-one, 
dimethyl sulfoxide and sulfolane. 



[Preparation Process-5] 

35 

[0246] A process of making use of the reaction wherein a urea derivative is formed by reacting, when Q 3a of the 
compound of the following formula (Villa): 



40 ff r3 ^ 

Q ~°~3-^T^ (viiza> 

45 



[wherein R 1 , R 2 . R 3 . R 4 . R 5 , X 1 , X 2 and Q 3a have the same meanings as described above] exists as a primary or sec- 
ondary amine, the compound of the formula (Villa) with the primary-amine-containing compound of any one of the tor- 
so mulas (Vila) to (VI Id): 

Q^tf-NHg (Vila) 
Q 1 -N(R 20 )-(CH2) m 2-NH2 (Vllb) 

55 

Q 1 -0-(CH 2 ) m2 -NH 2 (Vile) 
Q^S-fCHaW-NHa (Vlld) 
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or the secondary-amine-containing compound of the formula (Vile): 



10 



15 



20 



45 



50 



55 




Q 1 — C N— B (Vile) 



[wherein in the above formulas, Q 1 , Q 25 and R 20 and m2 have the same meanings as described above and a group of 
the following formula: 




has the same meaning as described above] by using a reagent such as cart>onyldii imidazole. 
[0247] When Q 3a of the compound represented by the formula (Villa) is an amine, the primary-amine-corrtaining 
compound of any one of the formulas (Vila) to (Vlld) or the secondary-amine-containing compound of the formula (Vile) 
and a reagent such as 1 , 1 '-carbonyldiimidazole are reacted with the compound of the formula (Villa) to introduce it into 

25 the sulfonyl derivative of the formula (I) of the present invention which is an urea derivative. 

[0248] The derivative can be synthesized by reacting the primaiy-amine-containing compound of any one of the for- 
mulas (Vila) to (Vlld) or the secondary-amine-corrtaining compound of the formula (Vile) and then the compound of the 
formula (Villa) successively with a reagent such as carbonyldiimidazole, if necessary, in the presence of a base in an 
inert solvent. Examples of the inert solvent include dichloromethane, chloroform, carbon tetrachloride, tetrahydrofuran, 

30 1 ,2-dimethoxyethane, dioxane, toluene, N.N-dimethytforrnamide, N,N-dimethylacetamide, N-methylpyrrolidin-2-one, 
dimethylsulfoxide and sulfolane. Among them, dichloromethane, tetrahydrofuran and toluene are preferred. 
[0249] Examples of the base include carbonates and hydroxides of an alkali metal or alkaline earth metal, such as 
sodium carbonate, potassium carbonate, sodium hydroxide and potassium hydroxide; and organic bases such as pyri- 
dine, 2,6-lutidine, collidine, 4<limethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine and 

35 diazabicyclo[5.4.0]undec-7-ene (DBU). It is only necessary to effect the reaction within a temperature range of from - 
70°Cto110°C. 

[Preparation Process-6] 

40 [0250] A process of preparing the urea-containing sulfonyl derivative of the formula (I), in the case where the nitro- 
gen atom of Q 3a of the compound represented by the following formula (Villa): 



£2 xS-x*"* rS 



(Villa) 



[wherein R 1 . R 2 , R 3 . R 4 , R 5 , X 1 , X 2 and Q 3a have the same meanings as described above] exists as a primary or sec- 
ondary amine, by reacting the amine of the formula (Villa) with a known isocyanate derivative (Q 1 -Q 2 b-N=C=0) 
[wherein Q 1 and Q 215 have the same meanings as described above] or an isocyanate prepared from the carboxylic acid 
of any one of the following formulas (Iva) - (Ivd): 

Q^Q^-COOH (IVa) 
Q 1 -N(R 20 MCH2) m1 -COOH (IVa) 
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Q 1 -0-(CH2) m1 -COOH 



(IVa) 



S-(CH2) m rCXX)H 



OVd) 



[wherein Q 1 ,Q Zb , R 20 and ml have the same meanings as described above]. 

[0251 ] When Q 3a of the compound represented by the formula (Villa) is an amine, the suffonyl derivative of the for- 
mula (I) can be obtained by reacting the compound of the formula (Villa) with a known isocyanate derivative in an inert 
solvent at -20 to 100°C for 0.5 to 120 hours. 

[0252] The isocyanate derivative can also be synthesized from the carboxylic acid of any one of the formulas (IVa) 
to (IVd), described specifically, by converting the carboxylic acid of any one of the formulas (IVa) to (IVd) into the corre- 
sponding acid halide by using thionyl chloride or oxalyl chloride, reacting the resulting acid halide with sodium azide in 
an inert solvent at a temperature range of from 0 to 60°C and then heating the reaction mixture; by reacting the carbox- 
ylic acid of the formula (IVa) with a chloroformate such as isobutyl chloroformate to obtain the corresponding mixed acid 
anhydride, reacting the resulting anhydride with sodium azide and then heating; or by introducing the carboxylic acid of 
any one of the formulas (IVa) to (IVd) into the corresponding hydrazide through an ester in an inert solvent such as tet- 
rahydrofuran , chloroform or toluene at -20 to 11 0°C, reacting the hydrazide with nitric acid or alkyl ester thereof, thereby 
introducing into the corresponding acylazide and then heating the acylazide at 20 to 150°C in a solvent such as chloro- 
form, dichloroethane, toluene, xylene or N,N-dimethylformamide. 

[0253] The sulfonyl derivative of the formula (I) can also be prepared by reacting the carboxylic acid of any one of 
the formulas (IVa) to (IVd) with diphenylphosphoryl azide in the presence of a base such as triethylamine, in an inert 
solvent at a temperature range of 10 to 100°C and then reacting the resulting compound with the amine of the formula 
(Villa). 

[Preparation Example-7] 

[0254] A process for synthesizing the sulfonyl derivative represented by the following formula (I): 



[wherein R 1 , R 2 , R 3 , R 4 , R 5 , Q 1 , Q 2 Q 3 , T 1 , X 1 and X 2 have the same meanings as described above] by coupling reac- 
tion using a transition metal catalyst. 

[0255] When the structure of Q 1 of the sulfonyl derivative represented by the formula (0 contains a halogen- or tri- 
fluoromethanesulfonyloxy-substituted aryl group, or a halogen or trifluoromethanesulfonyl-substituted alkenyl group, 
coupling reaction with a boric-acid-substituted aryl compound can be effected in the presence of a transition metal cat- 
alyst. 

[0256] When an alkenyl group is contained in the structure of Q 1 of the sulfonyl derivative of the formula (I), coupling 
reaction can be effected with a halogen- or trif luoromethanesulfonyloxy-substituted aryl group in the presence of a tran- 
sition metal catalyst. 

[0257] When a boric-acid-substituted aryl group is contained in the structure of Q 1 of the sulfonyl derivative of the 
formula (I), coupling reaction can be effected with a halogen- or trif luoromethanesulfonyloxy-substituted aryl compound 
or a halogen- or trtf luoromethanesulfonyloxy-substrtuted alkenyl compound. 

[0258] When in the structure of Q 1 of the sulfonyl derivative represented by the formula (I), a halogen- or tr'rfluor- 
omethanesurfonyloxy -substituted aryl group is contained, coupling reaction can be effected with an alkenyl compound 
in the presence of a transition metal catalyst, whereby the sulfonyl derivative of the formula (I) can be obtained. The sul- 
fonyl derivative of the formula (I) so obtained is subjected to deprotection as needed, whereby the compound of the for- 
mula (la) can be obtained. 

[0259] When in the structure of Q 1 of the sulfonyl derivative represented by the formula (I), a halogen- or trrfluor- 
omethanesuKonyloxy-substituted aryl group or a halogen- or triftuoromethanesulfonyloxy-substrtuted alkenyl group is 
contained, coupling reaction with a boric-acid-substituted aryl derivative can be effected using a transition metal cata- 
lyst such as tetrakis(triphenylphosphine) palladium (O), in a two-phase solvent such as benzene-water or toluene- 
water, an amide solvent such as N.NHJimethylformamide or an ether solvent such as tetrahydrofuran or dimethox- 
yethane, in the presence of a base such as sodium carbonate, sodium hydroxide, barium hydroxide, potassium phos- 
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phate r cesium carbonate at a temperature range of 20 to 1 50°C for 0.5 to 1 20 hours. 

[0260] When in the structure of Q 1 of the suffonyl derivative represented by the formula (I), a boric-acid-substituted 
aryl gr up is contained, coupling reaction can be effected with a halogen- or trrfluoromethanesuifonyloxy-substjtuted 
aryl compound or a halogen- or trrf luoromethanesurfonyloxy-substrtuted alkenyl derivative. 

5 [0261 ] When in the structure of Q 1 of the sulfonyl derivative represented by the formula (I), an alkenyl group is con- 
tained, coupling reaction can be effected with a halogen- or trifluoromethanesutfonyloxy-substituted aryl group by using 
a transition metal catalyst such as palladium acetate, in the presence of an appropriate base, in an amide solvent such 
as N,N<iimethytformamide at a temperature range of from 20 to 150°C for 0.5 to 120 hours. 
[0262] When in the structure of Q 1 of the sulfonyl derivative represented by the formula (I), a boric-acid-substituted 

w aryl group is contained, coupling reaction can be effected with a halogen- or trifluoromethanesulfonyloxy-substituted 
aryl derivative or a halogen- or trif luoromethanesurfonyloxy-substrtuted alkenyl derivative. 

[0263] When in the structure of Q 1 of the sulfonyl derivative represented by the formula (I), a halogen- or trrfluor- 
omethanesulfonyloxy-substituted aryl group, coupling reaction can be effected with an alkenyl compound by using a 
transition metal catalyst, whereby the sulfonyl derivative of the formula (I) can be obtained. From the sulfonyl derivative 
15 of the formula (0 so obtained, the sulfonyl derivative of the formula (I) with a changed substttuent can be obtained by 
deprotection as needed. 

[Preparation Process-8] 

20 [0264] A process for preparing an amidoxime type sulfonamide product: 

[0265] When T 1 -Q 3 of the sulfonyl derivative represented by the following formula (I): 



25 



30 



° P? 
tl R 




(I) 



[wherein R 1 , R 2 , R 3 , R 4 , R 5 , Q 1 , Q 2 , Q 3 , T 1 , X 1 and X 2 have the same meanings as described above] represents any 
one of the following formulas: 
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R 8 R» 




[wherein R 8 , R 9 , R 12 , R 13 and R 14 have the same meanings as described above, n stands for an integer of 1 or 2, p 
stands for an integer of 1 to 3 and q stands for an integer of 0 to 3 with the proviso that the sum of p and 1 stands for 
an integer of 3 or 4] and none of amine-, alkylamine-, amtdo-, hydroxy!- and carboxylic-acid-containing substituents 
exist on R 1 , Q 1 or Q 2 , or R 8 R 9 , R 12 . R 13 or R 14 of Q 3 or a substftuent replaceable therewith, the sutfonyl derivative of 
the formula (I) is reacted with a halogenating agent such as phosphorus pentachloride or an alkylating agent such as 
Meerwein reagent in an inert solvent at -30 to 140°C, preferably, in a halogen solvent such as chloroform at 0 1 80°C 
to obtain the corresponding imino chloride or imino ether and then the resulting imino chloride or imino ether is reacted 
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with hydroxylamine, alkoxyamine which may have a substituent or satt thereof at 0 1 80°C, preferably at 20 to 60°C, if 
necessary in the presence of a base catalyst, whereby the target suKonyl derivative of the formula (I) can be obtained. 
[0266] Examples of the inert solvent include aJkyl halide solvents such as dichloromethane, chloroform and carbon 
tetrachloride, ether solvents such as tetrahydrofuran, 1 ,2-dimethaxyethane and dioxane and aromatic solvents such as 

5 benzene and toluene. Among them, the alky! halide solvents are particularly preferred. Examples of the base include 
carbonates, alkoxides, hydroxides and hydrides of an alkali metal or alkaline earth metal, such as sodium carbonate, 
potassium carbonate, sodium ethoxide, potassium butoxide, sodium hydroxide, potassium hydroxide, sodium hydride 
and potassium hydride; organic metal bases typified by an aJkyl lithium such as n-butyl lithium and a dialkylamino lith- 
ium such as lithium diisopropylamide; and organic bases such as pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyri- 

10 dine, triethylamine, N-methylmorpholine, diisopropylethylamine and diazabicyclo[5.4.0]undec-7-ene (DBU). 

[Preparation Process-9] 
N-oxide formation 

15 

[0267] When in the sulfonyl derivative of the formula (I), there exists a nitrogen-containing heterocyclic aromatic 
ring or aliphatic tertiary amine on R 1 , Q 1 , Q 2 . Q 3 or T 1 or a substituent replaceable therewith, the sulfonyl derivative of 
the formula (I) is reacted with a peroxide such as hydrogen peroxide, metachJoroperbenzoic acid or tertiary butyl 
hydroperoxide at -40 to 60°C for 0.5 to 120 hours preferably -20 to 20°C in water, acetic acid, a ketone solvent such as 
20 acetone, benzene solvent such as benzene, toluene or xylene, ether solvent such as tetrahydrofuran or dimethox- 
yethane or an alkyl halide solvent such as dichloromethane, chloroform or carbon tetrachloride, whereby the sulfonyl 
derivative of the formula (I) can be obtained as an N-oxide derivative. 

[Preparation Process-10] 

25 

Quaternization of a nitrogen atom 

[0268] When in the sulfonyl derivative of the formula (I), there exists a nitrogen-containing heterocyclic aromatic 
group or aliphatic tertiary amine on R 1 , Q 1 , Q 2 , Q 3 or T 1 or a substituent replaceable therewith, the sulfonyl derivative 
30 of the formula (I) is reacted with an alkyl halide such as methyl iodide or ethyl iodide in an ether solvent such as 1,2- 
dimethoxyethane or dioxane, an aromatic solvent such as benzene or toluene, an amide solvent such as N.N-dimeth- 
ylformamide, N p N-dimethylacetamide or N-methylpyrrolidin-2-one or a sulfoxide solvent such as dimethyl sulfoxide or 
sulfolane at -10 to 150°C, preferably 0 to 80°C, whereby the sulfonyl derivative of the formula (I) can be obtained as a 
quaternary amine product. 

35 

[Preparation Process- 11] 
Sulfoxide or suifone formation 

40 [0269] When in the sulfonyl derivative of the formula (I), a sulfur-containing hetero ring or aliphatic thioether exists 
on R 1 , Q 1 , Q 2 Q 3 or T 1 or a substituent replaceable therewith, the sulfonyl derivative of the formula (I) is reacted with 
a peroxide such as hydrogen peroxide, metachloroperbenzoic acid or tertiary butyl hydroperoxide at -40 to 60°C for 0.5 
to 120 hours, preferably -20 to 20°C in water, acetic acid, a ketone solvent such as acetone, a benzene solvent such as 
benzene, toluene or xylene, an ether solvent such as tetrahydrofuran or dimethoxyethane or an alkyl halide solvent 

45 such as dichloromethane, chloroform or carbon tetrachloride, whereby the sulfonyl derivative (I) can be obtained in the 
form of sulfoxide or suifone. 

[Preparation Process-12] 

so Amidino formation-1 

[0270] When in the sulfonyl derivative of the formula (0, a nitrile group exists on R 1 ,Q 1 t Q 2 , Q 3 or T 1 or a substituent 
replaceable therewith, it can be converted into an amidino group by the ordinarily employed method. The amidino-con- 
taining sulfonyl derivative of the formula (I) can be obtained, for example, by allowing an equal amount to large excess 
55 of a Ct.4 alcohol such as methanol, ethanol or propanol to act on the sulfonyl derivative of the formula (I) at -10 to 60°C 
for 3 to 1 20 hours in an aliphatic ether solvent such as diethyl ether, an alkyl halide solvent such as chloroform or dichlo- 
romethane or an aprotic solvent such as benzene or a mixed solvent thereof in the presence of a hydrogen halide such 
as hydrogen chloride or hydrogen bromide, thereby converting it to the corresponding imino ether; then reacting the 



44 



EP 1 031 563 A1 



resulting imino ether product with amm nium, a monoalkylamine which may have a substituent or a dialkylamine which 
may have a substituent or a carbonate or acetate thereof at -10 to 140°C for 0.5 to 200 hours in a (^.4 alcohol such as 
ethanol or propanol, an aliphatic ether solvent such as diethyl ether, an alkyl halide solvent such as chloroform, an apro- 
tic solv nt such as benzen , a solvent such as dimethylformamid or dimethylsulfoxide or a mixed solvent thereof, pref - 
5 erably at -8 to 30°C for 1 0 to 96 hours in ethanol. 

[Preparation Process-13] 
Amidino formation -2 

10 

[0271] When in the sulfonyl derivative of the formula (I), a primary or secondary amino group exists on R 1 t Q 1 , Q 2 , 
Q 3 or T 1 or a substituent replaceable therewith, it can be converted into a substituted amidino group by the ordinarily 
employed process. 

[0272] Described specifically, the amidino-containing sulfbnyl derivative of the formula (I) can be obtained by react- 
15 ing the suffonyl derivative of the formula (I) with an imino ether, imino chloride or salt thereof, which has been synthe- 
sized from an amide compound or nrtrile compound, in an aliphatic ether solvent such as diethyl ether, an alkyl halide 
solvent such as chloroform or dichloromethane or an aprotic solvent such as benzene or a mixed solvent thereof, if nec- 
essary in the presence of a base catalyst, at -10 to 140°C for 0.5 to 200 hours, preferably 0 to 80°C for 10 to 96 hours. 
Examples of the base include carbonates and hydroxides of an alkali metal or alkaline earth metal, such as sodium car- 
20 bonate, potassium carbonate, sodium hydroxide and potassium hydroxide and organic bases such as pyridine, 2,6-luti- 
dine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine and 
diazabicyclo[5.4.0]undec-7-ene (DBU). 

[Preparation Process-14] 

25 

N-nitrile formation 

[0273] When in the suffonyl derivative of the formula (I), a primary or secondary amine group exists on R 1 , Q 1 , G 2 , 
Q 3 or T 1 or a substituent replaceable therewith, it can be cyanated by the ordinarily employed process. 

30 [0274] Described specifically, the sulfonyl derivative of the formula (I) is reacted with cyanogen bromide in an alco- 
hol solvent such as methanol, ethanol or propanol in the presence of a salt such as sodium acetate or a base at -10 to 
110°C, preferably 0 to 60°C, whereby the sulfonyl derivative (I) having a nrtrile group on its nitrogen atom can be 
obtained. Examples of the base include carbonates and hydroxides of an alkali metal or alkaline earth metal, such as 
sodium carbonate, potassium carbonate, sodium hydroxide and potassium hydroxide; and organic bases such as pyri- 

35 dine, 2,6-lutidine, collidine, 4<Jimethylaminopyridine. triethylamine, N-methylmorpholine, diisopropylethylamine and 
diazabicyclo[5.4.0]undec-7-ene (DBU). 

[Preparation Process-15] 

40 Amidoxime or carboxamido-O-alkyloxime introduction 

[0275] When in the sulfonyl derivative of the formula (I), a nitrile group exists on R 1 , Q 1 , Q 2 , Q 3 or T 1 or a substituent 
replaceable therewith, it can be converted into an amidoxime or carboxamido-O-alkyloxime group by the ordinarily 
employed process. 

45 [0276] Described specifically, the sulfonyl derivative of the formula (I) is reacted with hydroxylamine or an 
alkoxyamine which may have a substituent or salt thereof in an alcohol solvent such as methanol, ethanol or propanol, 
an ether solvent such as diethyl ether or tetrahydrofuran, a halogenated hydrocarbon such as chloroform or dichlo- 
romethane, an aprotic solvent such as toluene, an amide solvent such as N.N-dimethylformamide or a solvent such as 
dimethylsulfoxide or a mixed solvent thereof at -1 0 to 1 10°C, preferably 0 to 60°C, if necessary in the presence of a base 

50 catalyst, whereby the sulfonyl derivative of the formula (I) having an amidoxime or carboxamido-O-alkyloxime group can 
be obtained. Examples of the base include carbonates and hydroxides of an alkali metal or alkaline earth metal, such 
as sodium carbonate, potassium carbonate, sodium hydroxide and potassium hydroxide; and organic bases such as 
pyridine, 2,6-lutidine, collidine, 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine and 
diazabicydo[5.4.0]undec-7-ene (DBU). 

55 
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[Preparation Process-16] 
Guanidino introduction 

5 [0277] When in the sulfonyl derivative of the formula (I), a primary or secondary amino group exists on R 1 , Q 1 , Q 2 , 
Q 3 or T 1 or a substituent replaceable therewith, it can be converted into a substituted or unsubstituted guanidino group 
by the ordinarily employed process. 

[0278] Described specifically, the sulfonyl derivative of the formula (I) having a primary or secondary amino group 
is reacted with N,N*-di(tert-butoxy)carbonylthiourea by using as a condensing agent N.N'-dicyclohexytcarbodiimide in 

10 an aliphatic ether solvent such as diethyl ether, a hafogenated hydrocarbon such as chloroform or dichloromethane or 
an aprotic solvent such as benzene, or a mixed solvent thereof at - 1 0 to 1 40°C for 0.5 to 200 hours, preferably 0 to 80°C 
for 10 to 96 hours, if necessary in the presence of a base catalyst, and then, as usual, the tertiary butoxycarbonyl group 
is removed, whereby the sulfonyl derivative of the formula (0 as a guanidino compound can be synthesized. Examples 
of the base include carbonates and hydroxides of an alkali metal or alkaline earth metal, such as sodium carbonate, 

is potassium carbonate, sodium hydroxide and potassium hydroxide; and organic bases such as pyridine, 2,6-lutidine, col- 
liding 4-dimethylaminopyridine, triethylamine, N-methylmorpholine, diisopropylethylamine and diazabicy- 
clo[5.4.0]undec-7-ene (DBU). 

[Preparation Process-17] 

20 

Deprotection from the protected nitrogen atom 

[0279] When in the sulfonyl derivative of the formula (I), an acylamino or alkoxycarbonylamino group exists on R 1 , 
Q 1 , Q 2 , Q 3 or T 1 or a substituent replaceable therewith, the derivative can be hydrolyzed at 0 to 80°C in a solvent such 

25 as water, a lower alcohol or tetrahydrofuran or a mixed solvent thereof in the presence of a base such as an alkali metal 
hydroxide e.g. lithium hydroxide, sodium hydroxide or potassium hydroxide, whereby an amino-containing derivative 
can be obtained. The nitrogen atom to which an acyl type protecting group such as tertiary butoxycarbonyl or parame- 
thoxybenzyloxycarbonyl has been bonded can be converted into a nitrogen-hydrogen bond by using an appropriate 
acid such as acetic acid, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, trrfluoroacetic acid or trif- 

30 luoromethanesulfonic acid or combination thereof and removing the acyl type protecting group from the nitrogen atom 
at 0 to 80°C in an alky I halide solvent such as dichloromethane, chloroform or carbon tetrachloride, an ether solvent 
such as tetrahydrofuran, 1 ,2-dimethoxyethane or dicxane or an aromatic solvent such as benzene or toluene. 
[0280] The nitrogen atom to which an arylmethoxycarbonyl group such as benzyloxycarbonyl, paramethoxybenzy- 
loxycarbonyl or para(ortho)-nitrobenzyloxycarbonyl has been bonded can be converted into a nitrogen-hydrogen bond 

35 by removing the arylmethoxycarbonyl group from the protected nitrogen through hydrogenolysis in the presence of a 
palladium-carbon catalyst in a solvent such as ethanol, tetrahydrofuran, acetic acid or N,N-dimethylformamide. The 
nitrogen atom to which a silyl type protecting group such as trimethylsilyl or tertiary butyl dimethylsilyl has been bonded 
can be converted into a nitrogen-hydrogen bond by reacting with hydrochloric acid or a hydrof luoride such as tetrabuty- 
(ammonium fluoride at 0 to 80°C in an alkyl halide solvent such as dichloromethane, chloroform or carbon tetrachloride, 

40 an ether solvent such as tetrahydrofuran, 1 ,2-dimethoxyethane or dioxane or an aromatic solvent such as benzene or 
toluene, thereby removing the silyl group from the protected nitrogen atom. The nitrogen atom to which a benzyl group 
has been bonded can be converted into a nitrogen-hydrogen bond by removing the benzyl group through the catalytic 
reduction with a palladium-carbon catalyst or the like at 0 to 80°C in a solvent such as ethanol, tetrahydrofuran or acetic 
acid or through the Birch's reduction with a metal sodium in a liquid ammonia. The nitrogen atom to which a triphenyl 

45 group has been bonded can be converted into a nitrogen-hydrogen bond by removing the triphenyl group through the 
catalytic reduction with a palladium-carbon catalyst or the like at 0 to 80°C in a solvent such as ethanol, tetrahydrofuran 
or acetic acid or through the Birch's reduction with a metal sodium in a liquid ammonia. The removal of the triphenyl - 
methyl group and conversion into a nitrogen-hydrogen bond can be carried out by using an appropriate acid, such as 
acetic acid, hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, trrfluoroacetic acid or trifluorometh- 

50 anesulfonic acid or a combination thereof at 0 to 80°C. 

[Preparation Process-18] 
Ester hydrolysis 

55 

[0281] When in the surfonyi derivative of the formula (I), an alkoxycarbonyl group exists on R 1 , Q 1 , Q 2 , Q 3 or T 1 or 
a substituent replaceable therewith, the alkoxycarbonyl group pr tected in the methyl or ethyl ester form can be con- 
verted into the corresponding carboxylic acid by the hydrolysis with an appropriate base, for example, an alkali metal 
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hydroxide such as lithium hydroxide, sodium hydroxide r potassium hydroxide. In the case of th protection in the form 
of a tertiary butyl ester, the tertiary butyl group can be removed by treating with trif luoroacetic acid or hydrochloric acid, 
while in the case of the protection in the form of an arylmethyl type ester such as benzyl, the carboxylic acid can be 
obtained by removing the arylmethyl gr up by hydrogenolysis in the presence of a palladium-carbon catalyst. 

5 

[Preparation Process- 19] 

[0282] When in the suffonyl derivative of the formula (I), an acylaxy, arylmethylaxy, silylether, methoxymethyl or tet- 
rahydropyranyl group exists on R 1 , Q 1 , G 2 , Q 3 or T 1 or a substituent replaceable therewith, the acyl group such as 
10 alkanoyl or aroyl can be removed by the hydrolysis with an appropriate base, for example, an alkali metal hydroxide 
such as lithium hydroxide, sodium hydroxide or potassium hydroxide. The arylmethyl type protecting group can be 
removed by the hydrogenolysis with a palladium-carbon catalyst. The silylether group such as tertiary butyl dimethylsilyl 
can be removed by a salt of hydrofluoride such as tetrabutylammonium fluoride. The methoxymethyl or tetrahydropyra- 
nyl group can be removed by acetic acid or hydrochloric acid. 

15 

[Preparation Process-20] 

[0283] When in the sulfonyl derivative of the formula (0, an amino group exists on R 1 , Q 1 , Q 2 Q 3 or T 1 or a substit- 
uent replaceable therewith, it can be acyfated by the ordinarily employed process which uses an acyl halide or carbox- 
20 ylic acid in an activated form. Alternatively, it can be alkylated by reductive alkylation or the like method. The sulfonyl 
derivative of the formula (I) which is an urea derivative can be prepared by suffonytation through sulfonic acid chloride 
or by reacting with an isocyanate or an isocyanate derived from a carboxylic acid. 

[Preparation Process-21] 

25 

[0284] When in the sulfonyl derivative of the formula (I), an carboxyl group exists on R 1 , Q 1 , Q 2 , Q 3 or T 1 or a sub- 
stituent replaceable therewith, it can be converted into a carbamoyl, alkylcarbamoyl or dialkylcarbamoyl group by the 
ordinarily employed active ester method or mixed acid anhydride method and then converted into a hydrcocyl or alde- 
hyde group by reduction. The resulting hydroxy! or aldehyde group can be subjected to conversion of a functional group, 
30 such as ether bond formation, conversion into an amino group or conversion into an alkylamino group by the process 
ordinarily employed in organic chemistry. The carboxyl group, after conversion into its ester or mixed acid anhydride 
directly or by the usual process, is reduced, whereby the corresponding alcohol can be obtained. 

[Preparation-22] 

35 

Formation of phenol 

[0285] When in the sulfonyl derivative of the formula (I), an aryl-substituted methoxy group exists on R 1 , Q 1 , Q 2 , Q 3 
or T 1 or a substituent replaceable therewith, it can be converted into a hydroxyl group by removing the methyl group 
40 using trimethylsilyl iodide in an alky] halide solvent such as dichloromethane, chloroform or carbon tetrachloride or a 
benzene solvent such as toluene, a Lewis acid such as aluminum chloride or phosphorus tribromide, an alkyl halide sol- 
vent or an ether solvent at -78 to 1 10°C. 

[0286] The sulfonyl derivative of the formula (I) according to the present invention, salt thereof or solvate thereof 
has peculiar and excellent FXa inhibitory activity and is therefore useful as a coagulation suppressor or a preventive 

45 and/or remedy for thrombosis or embolism. 

[0287] The sulfonyl derivative of the present invention exhibits effects even by the oral administration so that it can 
be administered either orally or parenteral^. The dose of the sulfonyl derivative may be changed as needed depending 
on the symptom, age, weight and/or the like of a patient, ft is necessary to administer the derivative in an amount of 1 
to 1 000 mg/day. preferably 5 to 300 mg/day per adult Although no particular limitation is imposed on the dosage form, 

so examples include tablets, capsules, powders, granules, suspensions, syrups and dry syrups. The derivative together 
with ordinarily employed additives such as excipient. lubricant or binder can be formulated into the above-described 
dosage forms in accordance with the known formulation technique. 

[0288] No particular limitation is imposed on the dosage form in the case of parenteral administration but examples 
include ointments, plasters, injections and suppositories. As an injection, the derivative may be administered subcuta- 
55 neously or intravenously or by intravenous drip in an amount of 0. 1 to 1 00 mg/day, preferably 0.5 to 30 mg/day per adult. 
[0289] The present invention will hereinafter be described more specifically by Referential Examples, Examples 
and Tests, but it should h wever be borne in mind that the present invention is not limited to or by them. 
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Examples 

[0230] A detailed description will next be made of the sutfonyl derivative of the present invention and preparing 
process therefor. Some of the raw material compounds used for preparing the sutfonyl derivative of the present inven- 
tion are novel compounds. These compounds and preparation process therefor will be described in Referential Exam- 
ples. 

[0291] Upon preparation of the compound, Merck Silica Gel 60 or Yamazen Silica Gel for moderate pressure liquid 
chromatography were employed for silica gel column chromatography. 

[0292] In the nuclear magnetic resonance spectrum (NMR), tetramethylsilane was used an internal standard. 

[Referential Example 1] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride and trifluoroacetate 

[0293] In dichloromethane (20 ml), tert-butyl 1-piperazine carboxylate (856 mg) was dissolved. To the resulting 
solution, triethylamine (0.77 ml) and 6-chloro-2-naphthylsulfonytchloride (1.20 g) were added, followed by stirring at 
is room temperature for 5 hours. The reaction mixture was concentrated under reduced pressure. Ethyl acetate was 
added to the residue and the resulting mixture was washed with 1 N hydrochloric acid. The organic layer extracted was 
dried over anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure. The residue was dis- 
solved in saturated ethanol hydrochloride (10 ml), followed by concentration under reduced pressure and washing with 
ethyl acetate, whereby the hydrochloride (1 .62 g, quant) of the title compound was obtained as a colorless solid. 

20 

1 H-NMR (DMSO-d 6 ) 6: 3.1-3.4(8H,m), 7.75(1 H,dd,J=8.8,2.0Hz), 7.86(1 H,dd,J=8.8.1.5Hz), 8.22(1 H,d.J=8.8Hz), 

8.26-8.32(2H,m), 8.56(1 H,s), 8.63(2H,br s). 

MS (FAB) m/z: 311 [(M+H) + , CI 35 ], 313 [(M+H) + , CI 37 ]. 

25 



Elementary analysis for 
Ci4H 15 CIN 2 0 2 S • HCI • 0.1 H 2 0 


Calculated: 


C, 48.17; 


H, 4.68, 


CI, 20.31; 




N, 8.03; 


S, 9.19. 




Found: 


C, 47.91; 


H, 4.68; 


CI, 20.41; 




N, 7.80; 


S, 9.21. 





[0294] Instead of the saturated ethanol hydrochloride, treatment was carried out using trifluoroacetic acid, whereby 
the trifluoroacetate was obtained. 

40 



Elementary analysis for 
Ci 4 Hi5CIN202S-CF3C0 2 H 


Calculated: 


C, 45.24; 


H, 3.80. 


CI, 8.35; 




F, 13.42; 


N, 6.59; 


S, 7.55. 


Found: 


C, 44.84; 


H, 3.80; 


CI, 8.27; 




F, 13.72; 


N, 6.29; 


S. 7.50. 



50 

[Referential Example 2] 4-(4-Pridyl)benzoic acid hydrochloride 

[0295] At room temperature, 4-bromopyridine hydrochloride (1 1 .7 g) and 4-carboxybenzeneboronic acid (10.0 g) 
55 were dissolved in toluene (250 ml) and water (250 ml). To the resulting solution, tetrakis(triphenyIphosphine)pailadium 
(O) (5.00 g) and anhydrous sodium carbonate (25.4 g) were added successively, followed by refluxing under heat at 
120°C for 19 hours. After allowed to cool down, the r action mixtur was added with ethyl acetat and water, wher by 
the water layer was separated. The organic layer was extracted twice with water. All the water layers so obtained were 
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combined and to the resulting solution, concentrated hydrochloric acid was added to make it acidic, followed by washing 
with ethyl acetate again. The solvent was distilled off from the water layer until it decreased to 100 ml. The colorless 
solid so precipitated was collected by filtration and dried under reduced pressure, whereby the title compound (8.37 g, 
59%) was obtained. 

1 H-NMR (DMSO-de) 6: 8.1 1 (2H,d i J=8.8Hz), 8.14(2H,d,J=8.8Hz) ( 8.35(2H,d,J=6.6Hz), 8.97(2H ( d,J=6.6Hz). 



Elementary analysis for 
C 12 H 9 N0 2 -HO0.3H20 



Calculated: 


C, 59.79; 


H, 4.43, 


N, 5.81; 


Found: 


C, 59.87; 


H, 4.35; 


N, 5.53. 



MS (FAB) m/z: 200 (M+H) + . 
[Referential Example 3] 1-tert-Butoxyc^rbonyl-4-[4-(4-pyridyl)benzoyl)piperazine 

[036] In N ( N-dimethylformamide (40 ml), 4-(4-pyridyl)benzoic acid hydrochloride (654 mg) and tert-butyl 1 -pipera- 
zinecarboxylate (569 mg) were suspended. To the resulting suspension, 1 -hydroxybenzotriazole (374 mg) and N-meth- 
ylmorpholine (336 were added. The resulting mixture was ice cooled, followed by the addition of 1-(3- 
dimethylaminopropyl-3-ethylcarbodiimide hydrochloride (796 mg). After stirring at room temperature for 7 hours, the 
solvent was distilled off. The residue was purified by chromatography on a silica gel column (2% methanol - dichlo- 
romethane), followed by washing with hexane, whereby the title compound (905 mg, 89%) was obtained. 

1 tf-NMR (CDCI 3 )6: 1.48(9H,s), 3.40-3.91 (8H,m), 7.51(2H,d.J=5.9Hz), 7.53(2H,d,J=8.1Hz), 7.69(2H,d,J=8.1Hz), 
8.69(2H,d,J=5.9Hz). 



Elementary analysis for C21H25N3O3 


Calculated: 
Found: 


C, 68.64; 
C, 68.48; 


H, 6.86, 
H, 6.84; 


N, 11.44. 
N, 11.17. 



[Referential Example 4] 1 -[4-(4-Pyridyl)benzoyl]piperazine ditrif luoroacetate 

[0297] In dichloromethane (30 ml), 1-tert-butoxycartwnyl-4-[4-(4-pyridyl)benzoyl]piperazine (944 mg) was dis- 
solved. Under ice cooling, trifluoroacetic acid (30 ml) was added to the resulting solution, followed by stirring at room 
temperature for one hour. The solvent was distilled off. Tetrahydrofuran was added to the residue to solidify the same, 
whereby the title compound (1 .28 g, 100%) was obtained as a colorless amorphous solid. 

1 H-NMR (DMSO-d 6 ) 6: 3.1-3.3(4H,br s), 3.5-4.0(4H,m) 1 7.65(2H,d,J=7.8Hz), 7.95-8.05(4H,m) ( 
8.79(2H,d.J=5.4Hz), 8.95-9. 1 0(1 H.br s) 

[Referential Example 5] 4-tert-Butoxyc»rbonyl-2-ethoxycarbonyM 

[0298] In toluene (150 ml), 1 ,2-dibromopropionic acid (58.0 g) was dissolved. To the resulting solution, a solution of 
N.N'-dibenzylethylenediamine (53.5 g) and triethylamine (53 ml) in toluene (toluene: 50 ml) was added dropwise under 
ice cooling. Toluene (100 ml) was added again to the reaction mixture, followed by stirring at room temperature for 14 
hours, addition of toluene (100 ml) again and stirring at 60 to 80°C for 4 hours. The insoluble matter was filtered off. The 
filtrate was washed with water and dried over anhydrous potassium carbonate. The solvent was then distilled off under 
reduced pressure. The residue was dissolved in acetic acid (200 ml). To the resulting solution, 10% palladium carbon 
(water content; about 50%, 40 g) was added, foil wed by catalytic reduction under 4 atmospheric pressure for 4 hours. 
The catalyst was filtered off and the filtrate was distilled off under reduced pressure. To the residue, dichloromethane 
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and a saturated aqueous soluti n of potassium carbonate were added to separate the organic layer, followed by drying 
over anhydrous potassium carbonate. The solvent was distilled off under reduced pressure. The residue was dissolved 
in dichloromethane (350 ml), followed by the addition of 2*(tert-butoxycarbor^co(yimino)-2-phenylacetonitrile (46.5 g) 
under ice cooling. The reaction mixture was heated gradually to room temperature, at which stirring was conducted for 
* 5 14 hours. The solvent was distilled off under reduced pressure. The residue was purified by chromatography on a silica 
gel column (dichloromethane - 2% methanol - dichloromethane), whereby 1 -tert-butoxycarbonyl-3-ethoxycarbonyl- 
piperazine (5.82 g, 10%) was obtained. 

[0299] In a similar manner to Referential Example 3 except for the use of the resulting product and 4-{4-pyridyl)ben- 
zoic acid hydrochloride as the raw materials instead, the reaction was conducted, whereby the title compound was 
10 obtained. 

1 H-NMR (CDCI 3 )5: 1.2-1.4(3H,m), 1.46(9H ( s), 2.7-5.4(7H ( m) ( 7.51(2H ( d.J=5.2Hz), 7.59(2H,d.J=7.6Hz), 
7.69(2H,d,J=7.6Hz), 8.69(2H,d,J=5.2Hz). 
MS (FAB) m/z: 440 (M+H) + . 

15 

[Referential Example 6] 6-(4-Pyridyl)nicotinic acid hydrochloride 

[0300] In tetrahydrofuran (20 ml), 6-chloronicotinic acid (535 mg) and diethyl (4-pyridyl)borane (500 mg) were dis- 
solved. To the resulting solution, tetrabutylammonium bromide (546 mg), potassium hydrochloride (570 mg), tet- 

20 rakis(triphenylphosphine) palladium (O) (392 mg) and water (0.5 ml) were added, followed by heating under reflux for 6 
hours. Dilute hydrochloric acid was added to the reaction mixture to make it acidic. Water and ethyl acetate were poured 
into the resulting mixture for extraction. The water layer so extracted was distilled off under reduced pressure. The res- 
idue was purified by chromatography through a synthetic adsorbent ("Diaion HP-20", water ~ 50% acetonitrile • water). 
To the resulting fraction, dilute hydrochloric acid was added to make it acidic. The solvent was then distilled off. Tetrahy- 

25 drofuran was added to the residue and the precipitate was collected by filtration, whereby the title compound (269 mg, 
32%) was obtained, 

1 H-NMR (DMSO-ds) ^ 8.45-8.55(2H,m), 8.65(2H,d.J=6.8Hz), 9.03(2H,d.J=6.8Hz), 9.27(1 H,s). 
MS (FAB) m/z: 201 (M+H) + 

30 

[Referential Example 7] Methyl 4-(3-pyridyl)benzoate 

[0301 ] In tetrahydrofuran (100 ml), methyl 4-bromobenzoate (5.04 g) and diethyl-3-pyridylborane (2.30 g) were dis- 
solved, followed by the addition of tetrabutylammonium bromide (2.51 g), potassium hydroxide (2.63 g), tetrakis(triphe- 

35 nylphosphine)palladium (O) (1.8 g) and water (1 ml) under an argon atmosphere. The resulting mixture was heated 
under reflux for 2 hours. After ice cooling, an aqueous ammonium chloride solution and ethyl acetate were added to the 
reaction mixture. The organic layer so separated was dried over anhydrous magnesium sulfate. The residue obtained 
by distilling off the solvent was purified by chromatography on a silica gel column (hexane: ethyl acetate =1:1). The sol- 
vent was then distilled off. To the residue, methanol and ethanolic 1 N hydrochloric acid were added. The solvent was 

40 distilled off again. Tetrahydrofuran was added to the residue and the solid so precipitated was collected by filtration. 
After drying, the title compound (1.76 g, 45%) was obtained as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 5: 3.91(3H,s), 8.0-8.1 (3H f m), 8.1-8.15(2H,m), 8.75-8.85(1 H,m), 8.85-8.95(1 H,m), 9.25- 
9.3(1 H,m). 

45 

[Referential Example 8] 4-(3-Pyridyl)benzoic acid hydrochloride 

[0302] At room temperature, methyl 4-(3-pyridyl)benzoate (1.76 g) was dissolved in a mixed solvent of 1 N hydro- 
chloric acid (50 ml) and dioxane (50 ml), followed by heating under reflux for 4 hours. The solvent was then distilled off 
so under reduced pressure. Tetrahydrofuran was added to the residue, followed by washing, whereby the title compound 
(1 .55 g, 93%) was obtained as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 7.95-8.0(3H,m), 8.10(2H,d,J=8.3Hz), 8.65-8.75(1 H,m), 8.8-8.9(1 H,m), 9.22(1 H,d,J=2.0Hz) 

55 (Referential Example 9] Methyl 4-(2-aminopyridin-5-yl)benzoate 

[0303] In a similar mann r to Example 2 except for the use of 5-bromo-2-aminopyridine and 4<arboxyphenybo- 
ronic acid as the raw materials instead, the reaction was conducted, whereby 4-(2-aminopyridin-5-yl)benzoic acid was 
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obtained. The resulting 4-(2-aminopyridin-5-yl)benzoic add (684 mg) was dissolved in methanol (50 ml) at room tem- 
perature, followed by the addition of concentrated sulfuric acid (1 ml). After heating under reflux for 2 hours, the reaction 
mixture was made weakly alkaline with an aqueous solution of sodium bicarbonate. Water and ethyl acetate were 
added to the resulting mixture to separat the rganic layer. The rganic layer was then dried over anhydrous magn - 
sium sulfate. The solvent was distilled off. Hexane was added to the residue for crystallization, whereby the title com- 
pound (243 mg, 23%) was obtained. 

1 H-NMR (CDCI3) 6: 3.94(3H,s). 4.57(2H,br s), 6.60(1 H,d,J=8.8Hz), 7.58(2H,d,J=8.8Hz), 7.72(1 H,dd,J=8.8,2.4Hz), 
8.09(2H.d.J=8.8Hz), 8.38(1 H,d,J=2.4Hz). 
MS (FAB) m/z: 229 (M+H) + . 



Elementary analysis for C^H^N^ 


Calculated: 
Found: 


C, 68.41; 
C, 68.78; 


H, 5.30, 
H, 5.45; 


N t 12.27. 
N, 12.09. 



[Referential Example 10] Methyl 4-[2-(tert-Butoxycarbonylamino)pyridin-5-yl]benzoate 

[0304] At room temperature, methyl 4-(2-aminopyridin-5-yl)benzoate (200 mg) was suspended in tert-butanol (20 
ml). To the resulting suspension, di-tert-birtyl dicarbonate (286 mg) was added and the resulting mixture was stirred for 
24 hours. After the solvent was distilled off, the residue was purified by chromatography on a silica gel column (1% 
methanol - dichloromethane), whereby the title compound (1 55 mg, 54%) was obtained as a colorless solid. 

1 H-NMR (CDCI3) 6: 1.55(9H,s), 3.95(3H,s), 7.63(2H,d,J=8.3Hz), 7.92(1 H,dd,J=8.8, 2. 4Hz), 8.07(1 H,d,J=8.8Hz), 
8.09(1H,br s), 8.12(2H,d,J=8.3Hz), 8.55(1 H,d,J=2.4Hz). 
MS(FAB) m/z: 329 (M+H) + . 



Elementary analysis for C 18 H 2 oN 2 04 


Calculated: 
Found: 


C, 65.84; 
C, 65.67; 


H, 6.14, 
H, 6.02; 


N, 8.53; 
N, 8.40. 



[Referential Example 11] 4-[2-(tert-Butoxycarbonylamino)pyridin-5-yl]benzoic acid 

[0305] At room temperature, methyl 4-[2-(tert-butoxycarbonylamino)pyridin-5-yl]benzoate (250 mg) was sus- 
pended in a mixed solvent of tetrahydrofuran (10 ml) and methanol (10 ml), followed by the addition of a 1 N aqueous 
sodium hydroxide solution (8 ml). The resulting mixture was stirred for 5 hours. The reaction mixture was made weakly 
acidic with an aqueous citric acid solution, followed by the addition of saturated saline and n-butanol to separate the 
organic layer. The organic layer was then dried over anhydrous magnesium sulfate. The solvent was distilled off, 
whereby the title compound (120 mg, 49%) was obtained as a crude purified product. 

1 H-NMR (DMSOd 6 ) 6: 1.49(9H,s) t 7.83(2H,d,J=8.3Hz), 7.91 (1 H,d,J=8.8Hz), 8.02(2H,d,J=8.3Hz), 
8.13(1H,dd,J=8.8,2.4Hz), 8.65(1 H,d f J=2.4Hz), 9.95(1H,s), 12.99(1 H ( br s). 

[Referential Example 12] 1-[4-[2^tert-Butoxycarbonylamino)py^ 
nyl]piperazine 

[0306] In a mixed solvent of dichloromethane (20 ml) and N,N-dimethytformamtde (1 ml), 4-[2-(tert-butoxycarbo- 
nyl)amino]pyridin-5-yl]benzoic acid (74 mg) and 1-[(6-chloronaphthalen-2-yl)sulfonyI]piperazine trifluoroacetate (110 
mg) were suspended. To the resulting suspension, 1-hydroxybenzotriazole (35 mg) and N-methylmorpholine (34 fit) 
were added, followed by the addition of 1-(3Hdimethylaminopropyl)-3-ethyIcarbodiimide hydrochl ride (68 mg) under ice 
cooling. After stirring at room temperature for 6 hours, the solvent was distilled off. The residue was purified by chroma- 
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tography on a silica gel column (1% methanol - dichloromethane). The solvent was then distilled off, whereby the title 
compound (128 mg, 90%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.54(9H,s), 3 ( 00-3,30(4H ( m), 3.50-4. 10(4H,m), 7.39(2H,d.J=7.8Hz), 7.54(2H 1 d,J=7.8H2), 
7,60(1 H,dd.J=8.3,2.0Hz), 7.71(1H,dd.J=8.3.1.5Hz), 7.84(1 H,dd.J=8.8.2.4Hz), 7.88(1H,br s). 7.9-8.0(3 H,m), 
8.03(1H,d,J=8.8Hz), 8.31(1H,s), 8.46(1 H ( d,J=2.4Hz). 

[Referential Example 13] 4-(4-Aminophenyl)benzoic acid hydrochloride 

[0307] In a similar manner to Referential Example 2 except for the use of 4-bromoaniline and 4-carboxyphenylbo- 
ronic acid as raw materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 7.31(2H,d,J=7.3Hz), 7.75-7.85(4H,m), 8.09(2H ( d,J=8.3Hz). 
MS (FAB)m/z:213(M + ). 



Elementary analysis for C^HnNOg * HCI 


Calculated: 


C. 62.53; 


H, 4.84, 


N, 5.61; 




CI, 14.20. 






Found: 


C, 62.33; 


H. 4.83; 


N, 5.50; 




CI, 14.14. 







[Referential Example 14] Methyl 4-[4-(tert-butoxycarbonylamino)phenyl]benzoate 

[0308] In a similar manner to Referential Examples 9 and 10 except for the use of 4-(4-aminophenyl)benzoic acid 
hydrochloride as the raw material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.54(9H.s), 3,94(3H,s), 6.56(1H,br s), 7.46(2 H,d.J=8. 8Hz), 7.57(2H,d,J=8.8Hz), 
7.63(2H,d,J=8.3Hz), 8.08(2H ( d,J=8.3Hz). 
MS (FAB)m/z: 328 (M+H) + . 



Elementary analysis for C 19 H 21 N0 4 


Calculated: 
Found: 


C, 69.71; 
C, 69.49; 


H, 6.47, 
H, 6.44; 


N, 4.28. 
N, 4.42. 



[Referential Example 15] 4-[4-(tert-Butoxycarbonylamino)pheny0benzoic acid 

[0309] In a similar manner to Referential Example 11 except for the use of methyl 4-[4-(tert-butoxycarbo- 
nylamino)phenytbenzoate (501 mg), the reaction was conducted, whereby the title compound (426 mg, 89%) was 
obtained. 

1 H-NMR (CDCI3) 6: 1.54(9H,s), 6.57(1H,br s), 7.47(2 H,d,J=8.3Hz), 7.59(2H,d,J=8.3Hz), 7.66(2H,d,J=8.3Hz), 

8.13(2H,d,J=8.3Hz). 

MS (FAB)m/z:314(M+H) + . 



Elementary analysis for C 18 H 19 N0 4 


Calculated: 


C, 68.99; 


H, 6.11. 


N, 4.47. 
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(continued) 



Elementary analysis for C 18 H 19 N0 4 


Found: 


C, 68.91; 


H, 6.27; 


N, 4.24. 



[Referential Example 16] 1-[4-[4-(tei1-Butoxycarbonylarruno)pheny^ 
erazine 

[0310] In a similar manner to Referential Example 12 except for the use of 4-[4-(tert-butoxycarbonylamino)phenyl- 
benzoic acid (150 mg) and 1-[(6-chloronaphthalen-2-yl)suHonyl]piperazine triftuoroacetate (203 mg) as the raw materi- 
als, the reaction was conducted, whereby the title compound (303 mg, 100%) was obtained. 

1 H-NMR (CDCI 3 ) 5: 1.53(9H,s), 2.90-3.30(4H,m), 3.50-4.1 0(4H,m), 6.56(1H,s). 7.35(2H ( d,J=8.3Hz), 
7.44(2H,d,J=8.3Hz), 7.49(2H,d,J=8.3Hz), 7.54(2H,d.J=8.3Hz), 7.59(1 H,dd,J=8.8,2.0Hz), 

7.76(1 H,dd.J=8.8,2.0Hz), 7.90-7.95(3H,m), 8.30(1 H.br s). 

[Referential Example 17] Methyl 4-acetylbenzoate 

[0311] In a mixed solvent of tetrahydrofuran (100 ml) and methanol (7 ml), methyl 4-acetylbenzoate (3.28 g) was 
dissolved at room temperature, followed by the addition of trimethylsilyldiazomethane (a 2.0M hexane solution, 12 ml) 
in portions under ice cooling. After heating to room temperature and stirring for 30 minutes, the solvent was distilled off. 
To the residue, an aqueous solution of sodium bicarbonate and ether were added. The organic layer so separated was 
dried over anhydrous magnesium sulfate. After the solvent was distilled off, the residue was crystallized from hexane, 
whereby the title compound (2.90 g, 82%) was obtained. 

1 H-NMR (CDCI3) 5: 2.65(3H,s), 3.96(3H,s), 8.01(2H,d,J=8.3Hz), 8.13(2H,d,J=8.3Hz). 
MS (El)m/z: 178M + . 



Elementary analysis for C 10 H 10 O 3 


Calculated: 
Found: 


C. 67.41; 
C, 67.28; 


H, 5.66. 
H, 5.53. 



[Referential Example 18] Methyl 4-bromoacetyIbenzoate 

[0312] At 15°C, methyl 4-acetylbenzoate (2.23 g) was dissolved in a hydrobromic acid acetic acid solution (30%, 10 
ml). Bromine was gradually added dropwise to the reaction mixture to maintain its temperature at 1 5°C. After stirring for 
1 0 minutes, the reaction mixture was cooled to 4°C. A mixed solvent of methanol (50 ml) and water (50 ml) was added 
to the reaction mixture for crystallization, followed by washing with hexane. By the collection through filtration, the title 
compound (2.29 g, 71%) was obtained as a colorless solid. 

1 H-NMR (CDCI3) 6: 3.96(3H,s), 4 t 47(2H,s), 8.05(2 H,d.J=8.8Hz), 8.16(2H,d,J=8.8Hz). 
MS (FAB) m/z: 257 [(M+H) + , 79 Br], 259 [(M+H) + , 81 Br]. 



Elementary analysis for C 10 H 9 BrO 3 


Calculated: 
Found: 


C. 46.72; 
C, 46.36; 


H, 3.53. 
H, 3.63. 



[Referential Example 19] Methyl 4-(2-aminothiazol-4-yl)benzoate 

[0313] At room temperature, methyl 4-bromoacetylbenzoate (1 .00 g) and thiourea (296 mg) were dissolved in iso- 
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propanol (100 ml), followed by heating under reflux for 1 5 minutes. Under stirring at the same temperature, anhydrous 
sodium carbonate (206 mg) was added to the reaction mixture. The resulting mixture was heated under reflux for 20 
minutes. After completion of the reaction, water (50 ml) was added under ice cooling and the solid so precipitated was 
collected by filtration. Hie solid was dissolved in water and dichloromethane. The organic layer so separated was dried 
over anhydrous sodium sulfate. The solvent was then distilled off. The pale yellow solid so precipitated was washed with 
ether, whereby the title compound (634 mg, 70%) was obtained. 

1 H-NMR (CDCI3) 6: 3.93(3H,s), 4.96(2H,br s). 6.88(1 H,s). 7.85(2H,d.J=8.8Hz), 8.05(2H,d.J=8.8Hz). 
MS (FAB) m/z: 235 (M+H) + . 

(Referential Example 20] 4-(2-Aminothiazol-4-yl)benzoic acid 

[0314] At room temperature, methyl 4-(2-aminothiazol-4-yl)benzoate (300 mg) was suspended in a mixed solvent 
of tetrahydrofuran (5 ml) and methanol (5 ml), followed by the addition of a 1 N aqueous sodium hydroxide solution (10 
ml). The resulting mixture was stirred for one hour. To the reaction mixture, N.N-dimethylformamide (5 ml) was added, 
followed by heating under reflux for 6 hours. After completion of the reaction, the solvent was distilled off. To the residue, 
water and 1 N hydrochloric acid were added successively and the pale yellow solid so precipitated was collected by fil- 
tration, whereby the title compound (229 mg, 69%) was obtained as a pale yellow solid. 

1 H-NMR (DMSO-dg) 6: 7.30(1 H.br s), 7.87(2H,d,J=8.3Hz), 7.95-8.00(2H,m). 
MS (FAB) m/z: 221 (M+H) + . 



Elementary analysis for 
C 10 H 8 N 2 O 2 S • 0.75HCI • 0.6H 2 O 


Calculated: 


C, 46.48; 


H, 3.88, 


N, 10.84; 




CI, 10.29; 


S. 12.41. 




Found: 


C, 46.36; 


H, 4.12, 


N, 10.64; 




CI, 10.05; 


S, 12.33. 





[Referential Example 21] Methyl 4-(imidazol-4-yl)benzoate 

[031 5] At room temperature, methyl 4-bromoacetylbenzoate (2 g) was dissolved in formamide (100 ml), followed by 
stirring at 180°C for 90 minutes. After completion of the reaction, the reaction mixture was ice cooled and dissolved in 
water and 1 N hydrochloric acid. The resulting solution was purified by chromatography through a synthetic adsorbent 
("Diaion HP-20", water - 50% acetonttrile - water). The crude product so obtained was purified further by chromatogra- 
phy on a silica gel column (5% methanol - dichloromethane), whereby the title compound (844 mg, 54%) was obtained 
as a pale yellow solid. 

1 H-NMR (CDCI3) 5: 3.93(3H,s), 7.46(1 H,s), 7.75(1 H,s), 7.86(2H,m), 8.07(2H,d,J=8.3Hz). 
MS (FAB) m/z: 203 (M+H) + . 

[Referential Example 22] Methyl 4-[1-tripheny1methylimidazol-4(5)-yi]benzoate 

[031 6] Methyl 4-(imidazol-4-yl)benzoate (828 mg) was dissolved in dichloromethane (50 ml), followed by the addi- 
tion of diisopropylethyfamine (856 ul) and triphenylmethyl chloride (1 .37 g) under ice cooling. The resulting mixture was 
stirred at room temperature for 16 hours. The solvent was distilled off. The residue was purified by chromatography on 
a silica gel column (dichloromethane), whereby the title compound (1.08 g, 59%) was obtained as a colorless glassy 
solid. 

1 H-NMR (CDCI3) 6: 3.90(3H,s). 7.15-7.22(6H,m), 7.23(1 H,d.J=1.5Hz), 7.30-7.40(1 5H,m), 7.52(1 H,d,J=1.5Hz), 
7.79(2H,d.J=8.3Hz), 8.01 (2H,d,J=8.3Hz). 
MS (FAB)m/z:445(M+H) + . 
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[Referential Example 23] 4-[1-Triphenylmethyiimidazol-4(5)-yl]benz ic acid 

[0317] At room temperature, methyl 4-[1-triphenyImethylimidazol-4(5)-yl]benzoate (1.04 g) was dissolved in a 
mixed solvent of tetrahydrofuran (10 ml) and methanol (10 ml). To the resulting solution, a 3N aqueous sodium hydrox- 
ide solution (6 ml) was added, followed by stirring for 5 hours. Tetrahydrofuran and methanol were subjected to solvent 
removal by distillation under reduced pressure. An aqueous citric acid solution was added to the residue to make it 
weakly acidic, followed by the addition of water and dichloromethane. The organic layer so separated was washed with 
saturated saline and dried over anhydrous sodium sulfate. The solvent was distilled off, whereby the title compound 
(1 .13 g, quant.) was obtained as a crude purified product in the form of a colorless glassy solid. 

1 H-NMR (CDCI 3 ) 6: 7.15-7.22(6H,m), 7.23(1 H,d. J =:1.5Hz), 7.30-7.40(9H,m), 7.69(1 H,d.J=1.5Hz), 
7.81(2H,d,J=8.3Hz), 8.10(2H,d,J=8.3Hz). 

[Referential Example 24] 1-[(6-Chloronaphthalen-2-yl)surfonyl]^-[4-[1-triphenyImethylimidazol-4^ 
zine 

[0318] In a similar manner to Referential Example 12 except for the use of 4-[1-triphenylmethylimidazol-4(5)-yl]ben- 
zoic acid (371 mg) and 1-[(6-ch!oronaphthalen-2-yi)sutfonyf]piperazine hydrochloride (300 mg) as raw materials, the 
reaction was conducted, whereby the title compound (560 mg, 90%) was obtained in the form of a colorless glassy 
solid. 

1 H-NMR (CDCI3) 6: 2.90-3.30(4H,m), 3.50-4. 10(4H,m), 7.15-7.20(6H,m), 7.28(2H,d.J=8.3Hz) ( 7.30-7.40(9H,m), 
7.49(1 H,d,J=1.0Hz), 7.59(1 H,dd,J=8.8 ) 2.0Hz), 7.71(2H,d,J=8.3Hz), 7.75(1H,dd,J=8.8 l 1.5Hz), 7.90-7.95(3H,m), 
8.29(1 H.brs). 

MS (FAB) m/z: 723 (M+H) + . 
[Referential Example 25] 4-[2-Aminoimidazol-4-yl]benzoic acid hydrochloride 

[031 9] At room temperature, methyl 4-bromoacetylbenzoate (1 .37 g) and acetylguanidine (1 .62 g) were suspended 
in acetonitrile, followed by heating under reflux for 16 hours. The solvent was then distilled off under reduced pressure. 
Water was added to the residue. The insoluble matter so precipitated was collected by filtration, followed by washing 
with ethanol, whereby methyl 4-[2-aminoimidazol-4-yl]benzoate was obtained. The resulting product was dissolved in a 
mixed solvent of dioxane (10 ml) and 1 N hydrochloric acid (10 ml), followed by heating under reflux for 8 hours. The res- 
idue obtained by distilling off the solvent was solidified by tetrahydrofuran and then collected by filtration, whereby the 
title compound (500 mg, 39%) was obtained. 

1 H-NMR(DMSO-d 6 )6: 7.55-7.65(3H,m), 7.80(2H,d.J=8.3Hz), 7.98(2H,d.J=8.3Hz), 12.2-13.3(3H,m). 
MS (FAB) m/z: 204 (M+H) + . 



Elementary analysis for C 10 H9N 3 O2 • HCI • 0.5H 2 O 


Calculated: 


C, 48.30; 


H, 4.46; 


N, 16.90; 




CI, 14.26. 






Found: 


C, 48.03; 


H, 4.10; 


N, 16.49; 




CI, 14.12. 







[Referential Example 26] 1 -[4-Bromo-2-(tert*irtaxy(*rtx)n^ 

[0320] In dichloromethane (200 ml), 4-bromophthalic anhydride (1.96 g) and H(6-chloronaphthalen-2-yl)sulfo- 
nyl]piperazine hydrochloride (3.00 g) were suspended under ice cooling. To the resulting suspension, diisopropylethyl- 
amine (3.76 m!) was added, followed by stirring for 20 minutes. To the reaction mixture, dilute hydrochloric acid and 
dichloromethane were added. The organic layer so separated was dried over anhydrous sodium sulfate. The solvent 
was concentrated so that the volume was reduced to 200 ml. To the concentrate, N.N'-diisopropyl-O-tert-buzylisourea 
(2.6 g) was added under ice cooling and the resulting mixture was stirred at room temperature for 3 days. Dilute hydro- 
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chloric acid and dichloromethane were added to the reaction mixture. The organic layer so separated was dried over 
anhydrous sodium sulfate. The residue was purified by chromatography on a silica gel column (hexane : ethyl acetate 
= 3:1 - 1:1), whereby the title compound (1.78 g, 35%) was obtained as a colorless solid. 

1 H-NMR (CDCI 3 ) 6: 1.30(9H,s). 2.90-3. 40(6H,m), 3.80-4.00(2H,m), 7.01(1H.d.J=8.3H2) ( 7.59(1 H,dd,J=8.3 t 2.0Hz), 
7.61(1H,dd.J=8.3,2.0Hz), 7.76(1 H,dd,J=8.8,2.0Hz), 7.85-7.95(3H ( m), 8.00(1 H,d,J=2.0Hz), 8.29(1H,br s). 

[Referential Example 27] 1 -[2-tert-Butoxycaifconyl-4-(py^ 
zine hydrochloride 

[0321] In a similar manner to Referential Example 7 except for the use of 1-[4-bromo-2-(tert-butoxycarbonyl)ben- 
zoyl]-4-[(6-chloronaphthalen-2-yl)sulfonyI]piperazine and diethyl(4-pyridyf)borane as the raw materials, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.37(9H,s), 2.80-3.50(6H,m), 3.80-4.00(2H,m), 7.40(1 H,d,J=7.8Hz), 7.60(1 H,dd,J=8.8,2.0Hz), 
7.77(1 H,dd,J=8.3,1.5Hz), 7.87(1 H.dd, J =7.8,2.0 Hz), 7.90-7.95(3H,m), 8.10(2H,d,J=6.8Hz), 8.25(1 H ( d,J=2.0Hz), 
8.31(1H,brs), 8.90(2H,d,J=6.8Hz). 
MS (FAB) m/z: 592 (M+H) + . 



Elementary analysis for 
C 31 H3oCIN30 5 S • HCI • 0.2H2O • THF 



Calculated: 


C. 59.69; 


H f 5.64; 


N ( 5.97; 




CI. 10.07; 


S. 4.55. 




Found: 


C, 59.55; 


H, 5.45; 


N, 5.87; 




CI, 9.97; 


S. 4.68. 





[Referential Example 28] 5-{4-Pyridy0thiophene-2-carboxylic acid hydrochloride 

[0322] In a similar manner to Referential Example 6 except for the use of 5-bromothiophene-2-carboxylic acid and 
diethyl (4-pyridyl)borane as the raw materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSOde) 6: 7.87(1 H,d,J=3.9Hz), 8.17(1H,d,J=3.9Hz), 8.29(2H,d.J=6.8Hz), 8.88(2H,d,J=6.8Hz). 
MS (FAB) m/z: 206 (M+H) + . 



Elementary analysis for 
CioH 7 N0 2 S-HCI-0.8H 2 0 


Calculated: 


C, 46.90; 


H, 3.78; 


N, 5.47; 




Cl t 13.84; 


S, 12.52. 




Pound: 


C, 46.77; 


H, 3.76; 


N, 5.27; 




CI, 13.83; 


S. 12.56. 





[Referential Example 29] 5-(4-Pyridyi)furan-2-carboxylic acid hydrochloride 

[0323] In a similar manner to Referential Example 6 except for the use of 5-bromofuran-2-carboxylic acid and die- 
thyl (4-pyridyl)borane as the raw materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 7.49(1 H,d,J=3.4Hz), 7.80-7.90(1 H ( m), 8.20-8.30(2H,m), 8.85-8.95(2H,m). 
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[Refer ntial Example 30] 4-(2-Pyridyf)benzoic acid hydrochloride 

[0324] To water (200 ml), 2-(p-tolyl)pyridine (1 7.2 g) was added. To the resulting mixture, potassium permanganate 
(21 .0 g) was added, followed by heating under reflux for 1 8 hours. After the precipitate was filtered off, dichloromethane 
s was added to the filtrate to separate the water layer. The water layer was then made acidic with 2N hydrochloric acid. 
The acidic aqueous solution was concentrated. The precipitate was collected by filtration, followed by washing with 
water and ethyl acetate, whereby the title compound (7.07 g, 35%) was obtained as a white solid. 

1 H-NMR (DMSO<l 6 ) 6: 7.60(1 H,t.J=5.9Hz), 8.08(2 H,d,J=7.8Hz), 8.17(2H,m). 8.21(2H,d,J=7.8Hz), 
w 8.78(1 H.d,J=4.9Hz). 
MS(EI)m/z:199M + . 

[Referential Example 31] 1-[(E)-4-Chlorostyrylsulfonyl)piperazine hydrochloride 

15 [0325] In a similar manner to Referential Example 1 except for the use of tert-butyl 1 -piperazinecarboxylate and (E)- 
4-chlorostyrylsulfonyl chloride as the raw materials, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (DMSO-de) 6: 3.20(4H,br s), 3.33-3.38(4H,m) t 7.47(2H,s), 7.53(1 H,d,J=8.8Hz), 7.82(1 H,d, J =8.8Hz). 



Elementary analysis for C 12 H 15 CIN20 2 S • HCI 


Calculated: 


C, 44.59; 


H, 4.99, 


CI, 21.94; 




N, 8.67; 


S, 9.92. 




Found: 


C, 44.42; 


H, 4.78, 


CI, 21.83; 




N, 8.68; 


S, 9.87. 





[Referential Example 32] 4-(2,4-Diamino-6-pyrimidinyl)benzoic acid hydrochloride 

[0326] In toluene (9 ml), 6-chloro-2,4-diaminopyrimidine (434 mg) was dissolved, followed by the addition of 4-car- 
35 boxyphenylboronic acid (667 mg), ethanol (2.5 ml), sodium carbonate (635 mg), water (3.0 ml) and bis(triphenytphos- 
phine)palladium (II) dichloride (65 mg). The resulting mixture was heated under reflux for 24 hours under an argon gas 
atmosphere. Ethyl acetate and water were added to the reaction mixture. The water layer so separated was made acidic 
with 2N hydrochloric acid. The insoluble matter was collected by filtration, washed with water and tetrahydrofuran and 
then dried, whereby the title compound (371 mg, 54%) was obtained. 

40 

1 H-NMR (DMSO-d 6 ) 8: 6.43(1H, s), 7.30-7.80(2H,br), 7.96(2H,d,J=7.8Hz), 8.12(2H,d,J=7.8Hz), 8.27(2H f br s), 
12.77(1 H.br), 1 3.33(1 H,br). 
MS (El) m/z: 230M + . 



Elementary analysis for 
CiiH 10 N 4 O2S-0.95HCI • 1.9H 2 0 


Calculated: 


C, 44.17; 


H, 4.97; 


CI, 11.26; 




N, 18.73. 






Found: 


C, 44.33; 


H, 4.97; 


a, 11.32; 




N, 18.65. 
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[Referential Example 33] 1-tert-ButoxycartK)nyl-4-[4-(2-pyridyl)benzoyl]pipera2ine 

[0327] In a similar manner to Referential Example 3 except for the use of 4-(2-pyridyl)benzoic acid hydrochloric! 
obtained in Referential Example 30 and tert-butyl 1-piperazinecarboxylate as the raw materials, the reaction was con- 
ducted, whereby the title compound was obtained. 

'H-NMR (CDCI 3 )6: 1.47(9H,s), 3.43(4H,br), 3.51(2H,br), 3.76(2H,br), 7.28(1 H,d.J=5.9Hz), 7.52(2H,d.J=7.8Hz), 
7.76(1 H,m), 7.79(1 H,m) t 8.05(2H,d,J=7.8Hz), 8.71(1H,d,J=4.9). 
MS (FAB) m/z: 368 (M+H) + . 



Elementary analysis for C 2 i H25N3O3 • 0.1 H 2 0 


Calculated: 
Found: 


C. 68.31; 
C. 68.26; 


H, 6.88; 
H, 6.86; 


N, 11.38; 
N, 11.42. 



[Referential Example 34] 2-[4-[[4-(tert-BiJtoxycarbonyl)piperazin-1 -yl]carbonyl]phenyl]pyridine N-oxide 

[0328] At -1 0°C t metachloroperbenzoic acid (789 mg) was added to a solution of 1 -tert-butoxycarbonyl-4-[4-(2-pyri- 
dyl)benzoyOpiperazine (517 mg) in dichloromethane (dichloromethane: 8 ml). The resulting mixture was stirred for 24 
hours, followed by dilution with dichloromethane. A small amount of an aqueous sodium thiosutfate solution and satu- 
rated saline were added to the dilute solution. The organic layer so separated was washed with a saturated aqueous 
solution of sodium bicarbonate and saturated saline and then dried over anhydrous sodium sulfate. The residue 
obtained by distilling off the solvent under reduced pressure was purified by chromatography on a silica gel column 
(dichloromethane : methanol = 20:1), whereby the title compound (415 mg, 77%) was obtained. 

1 H-NMR (CDCI 3 )6: 1.48(9H,s), 3.47(6H,br) ( 3.76(2H,br), 7.29(1 H,m), 7.34(1 H,U=7.8Hz), 
7.44(1 H 1 dd,J=7.8,2.0Hz), 7.52(2H,d,J=7.8Hz), 7.90(2H,d,J=7.8Hz), 8.35(1 H,d,J=5.9Hz). 
MS (FAB) m/z: 384 (M+H) + . 

[Referential Example 35] 2-[4-[(1-Piperazinyl)carbonyl]phenyl]pyridine N-oxide 

[0329] In dichloromethane (2.5 ml), 2-[4-[[4-(tert^utoxycarbonyl)piperazin-^^ N-axide 
was dissolved. To the resulting solution, a saturated solution of ethanol hydrochloride (2.5 ml) was added, followed by 
stirring at room temperature for 1 hour. After the solvent was distilled off under reduced pressure, water was added to 
the residue, whereby an aqueous solution was obtained. Acetone was added to the aqueous solution until the solution 
became turbid. The precipitate was collected by filtration and washed with acetone, whereby the title compound (274 
mg, 81%) was obtained. 

1 H-NMR (DMSO<i 6 ) 6: 3.17(4H,br s), 3.50-3.95(4H,br), 7.43(1 H,d,J=3.9Hz), 7.44(1 H,d,J=3. 9Hz), 
7.57(2H,d,J=8.8Hz), 7.66(1 H,t,J=3.9Hz), 7.92(2H,d,J«8.8Hz), 8.36(1 H,t,J=3.9Hz), 9.21(2H,br). 
MS (FAB) m/z: 284 (M+H) + . 

[Referential Example 36] 1-(tert-Butoxycarbonyl)-4-[4-(3-pyridy0benzoy0piperazine 

[0330] In a similar manner to Referential Example 3 except for the use of 4-(3-pyridyl)benzoic acid hydrochloride 
obtained in Referential Example 8 and tert-butyl 1-piperazinecarboxylate as the raw materials, the reaction was con- 
ducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s), 3.35-3.85(8H,br), 7.38(1 H,dd,J=7.8,4.9Hz), 7.52(2H,d.J=8.3Hz), 
7.63(2H,d,J=8.3Hz), 7.88(1 H,m), 8.62(1 H,dd,J=1.5,4.9Hz), 8.84(1 H,d,J=2.0Hz). 

[Referential Example 37] 3-[4-[[4-(tert-ButcocycailDony^ N-oxide 

[0331] In a similar manner to Referential Example 34 except for the use f 1 -(tert-butoxycarbonyl)-4-[4-(3-pyri- 
dyl)benzoyl]piperazine as the raw material, the title compound was obtained as a colorless solid. 
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1 H-NMR (CDCI 3 ) 6: 1.48(9H,s), 3.35-4.83(8H,br), 7.38(1 H,m), 7.47(1 H,m), 7.49-7.65(4H,m), 
8.23(1 H,dd,J=6.4, 1 .5Hz), 8.47(1 H,t.J=1 .5Hz). 
MS (FAB) m/z: 384 (M+H) + . 



5 





Elementary analysis for C21H25N3O4 • 0.25H 2 O 




Calculated: 


C, 65.02; 


H, 6.63; 


N, 10.83. 


70 


Found: 


C, 65.30; 


H, 6.65; 


N, 10.43. 



[Referential Example 38] 2-Hydroxy-4-(4-pyridyl)benzoic acid 

15 [0332] In water (22.5 ml) and a 47% aqueous solution of hydrobromic acid (22.5 ml), 4-amino-2-hydroxybenzoic 
acid (5.04 g) was dissolved. While the resulting solution mixture was maintained at 5°C or lower, an aqueous solution 
(water : 1 5.0 ml) of sodium nitrite (2.26 g) was added dropwise thereto, followed by stirring for 30 minutes under ice cool- 
ing. The reaction mixture was added, in portions, to a solution of cuprous bromide (5.63 g) dissolved in a 47% aqueous 
solution of hydrobromic acid (15 ml) under ice cooling. The resulting mixture was stirred at room temperature for 150 

20 minutes. Ethyl acetate was added to the reaction mixture for extraction. The organic layer so obtained was washed with 
water and then dried over anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced 
pressure was purified by chromatography on a silica gel column (dichloromethane - 1 0% methanol - dichloromethane), 
whereby 4-bromo-2-hydroxybenzoic acid (5.51 g) was obtained as a crudely purified product. 
[0333] The crudely purified product (298 mg) was reacted as in Referential Example 6, whereby the title compound 

25 (70 mg, 21 %) was obtained. 

1 H-NMR (DMSO-dg) 6: 7. 30-7.40(2 H,m), 7.78(2H,d,J=4.4Hz), 7.92(1 H,d, J =6.3Hz), 8.69(2H,d,J=5.9Hz). 
MS (FAB)m/z:216(M+H) + . 

30 [Referential Example 39] 4-Bromo-3-hydroxybenzoic acid 

[0334] In acetic acid (24.5 ml), 3-hydroxybenzoic acid (5.00 g) was suspended. To the resulting suspension, a solu- 
tion of bromine (1.9 ml) in acetic acid (acetic acid: 5 ml) was added dropwise under ice cooling, followed by stirring at 
room temperature for 33 hours. The reaction mixture was ice cooled. The crystals so precipitated were collected by f il- 
35 tration and then washed with acetic acid, whereby the title compound (1 .68 g, 21%) was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 7.28(1 H,dd. J =7.8,2.0 Hz), 7.51(1H.d,J=2.0Hz), 7.59(1 H,d,J=8.3Hz), 10.54(1H,br s), 
12.84(1 H,br). 

40 [Referential Example 40] Methyl 4-bromo-3-methoxybenzoate 

[0335] In a similar manner to Referential Example 1 7 except for the use of 4-bromo-3-hydroxybenzoic acid as the 
raw material, the reaction was conducted, whereby the title compound was obtained. 

45 1 H-NMR (CDCI3) 6: 3.92(3H.s), 3.96(3H,s), 7.51(1 H,dd,J=8.3,2.0Hz). 7.55(1 H,d.J=2.0Hz), 7.61(1H,d.J=8.8Hz). 

[Referential Example 41] 3-Methoxy-4-(4-pyridyl)benzoic acid 

[0336] In a simitar manner to Referential Example 7 except for the use of methyl 4-bromo-3-methoxybenzoate and 
so diethyl (4-pyridyl)borane, the reaction was conducted. The crude product so obtained was reacted as in Referential 
Example 8, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 )5: 3.93(3H,s), 7.65-7.75(3H,m), 8.20(2H,d,J=5.4Hz), 8.94(2H,d,J=6.3Hz). 
MS (FAB) m/z: 230 (M+H) + . 

55 

[Referential Example 42] 44ert-Butoxycarbonyl-H(6^hloronaphthalen-2-^^ 

[0337] In dichloromethane (18 ml). 1-tert-butoxycarbonyl-3-ethoxy(arbonylpiperazine (517 mg) and 6-chloro-2- 
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naphthylsulfonyl chloride (588 mg) wer dissolved under ice cooling. T th resulting solution, diisopropylethylamine 
(0.59 ml) was added, followed by stirring at room temperature for 63 hours. The residue obtained by distilling off the sol- 
vent under reduced pressure was purified by chromatography on a silica gel column (hexane : ethyl acetate = 3:1), 
whereby the title compound (688 mg, 71%) was obtained. 

5 

1 H-NM R (CDCI 3 )6: 1 .05(3H,t,J=7. 1 Hz), 1 .38(9H,s). 2.80-4.70(9H,m), 7.55(1 H i dd,J=8.6,2.2Hz), 
7.77(1H,dd ( J=8.6,1.7Hz), 7.85-7.90(3H,m), 8.33(1H,s). 
MS (FAB) m/z: 483[(M+H) + , CI 35 ], 485[(M+H) + , CI 37 ]. 

w [Referential Example 43] 4-tert-Butoxycarbonyl-2-ethoxycarbonyl-1 -[4-(3-pyridyl)benzoyl]piperazine 

[0338] In a similar manner to Referential Example 12 except for the use of 4-(3-pyridyI)benzoic acid and 1-tert- 
butoxycarbonyl-3-ethoxycarbonylpiperazine as the raw materials, the reaction was conducted, whereby the title com- 
pound was obtained. 

75 

1 H-NMR (CDCI3) 8: 1. 20-1. 40(3 H,m). 1.46(9H,s), 2.70-4. 80(8H,m), 5.35(1 H.br), 7.35-7. 70(5H l m), 7.85- 
7.95(1H,m), 8.64{2H,dd,J=4.6,1.7Hz), 8.86(1H,s). 
MS (FAB) m/z: 440 (M+H) + . 

20 [Referential Example 44] Methyl N-tert-butoxycarbonyftranexamate 

[0339] To methanol (20 ml), thionyl chloride (1 ml) was added dropwise under ice cooling, followed by the addition 
of tranexamic acid (2.04 g). The resulting mixture was heated under reflux for 3 hours. The residue obtained by distilling 
off the reaction mixture under reduced pressure was pulverized in ether and then collected by filtration, whereby color- 

25 less crystals (2.31 g) were obtained. 

[0340] The resulting crystals (2.10 g) were dissolved in dichloromethane (40 ml), followed by the addition of N- 
methylmorpholine (1.2 ml). To the resulting mixture, a solution of di-tert-butyl dicarbonate (2.51 g) in dichloromethane 
(dichloromethane: 3 ml) was added under ice cooling. The resulting mixture was stirred at room temperature for 18 
hours. After diluted with dichloromethane, the reaction mixture was washed with water and then dried over anhydrous 

30 sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was purified by chromatogra- 
phy on a silica gel column (hexane : ethyl acetate = 10:1 - 3:1), followed by recrystallization from a mixed solvent of 
hexane and ethyl acetate, whereby colorless crystals (2.09 g, 65%) was obtained. 

1 H-NMR (CDCI3) 6: 0.90-1. 10(2H.m), 1.40-1. 60(1 2H,m), 1.80-1.90(2H,m), 2.00-2.10(2H,m), 2.24(1H,m), 
35 2.98(2H,m), 3.66(3H,s). 4.58(1 H.br). 



Elementary analysis for C 14 H 2 5N0 4 


Calculated: 
Found: 


C, 61.97; 
C, 62.15; 


H, 9.29; 
H, 9.42; 


N, 5.16. 
N, 5.12. 



45 [Referential Example 45] trans-4-(N-tert-Butoxy<arbonylajTiinomethyO(yclohexylmethanol 

[0341] Methyl N-tert-butoxycarbonyttranexamate (1.00 g) was dissolved in a mixed solvent of tetrahydrofuran (10 
ml) and methanol (2 ml). To the resulting solution, sodium borohydride (0.44 g) was added under ice cooling, followed 
by stirring at room temperature for 24 hours. After the addition of water, the reaction mixture was concentrated under 

so reduced pressure. Ethyl acetate and dilute hydrochloric acid were added to the concentrate. The organic layer so sep- 
arated was dried over anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pres- 
sure was purified by chromatography on a silica gel column in repetition (first time; dichloromethane - dichloromethane 
: methanol = 20:1 , second time; hexane : ethyl acetate = 3:1), whereby colorless crystals (0.74 g, 82%) were obtained. 
A portion of the crystals was recrystallized from a mixed solvent of hexane and ethyl acetate, whereby colorless crystals 

55 were obtained. 

1 H-NMR (CDCI 3 )5: 0.90-1. 10(4H,m), 1.30-1.60(12H,m), 1.80-2.00(4H,m), 2.98(2H ( m), 3.45(2 H,d.J=6.4Hz), 
4.59(1 H.br). 



\ 
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Elementary analysis for C 13 H25N0 3 


Calculated: 
Found: 


C. 64.17; 
C, 64.31; 


H, 10.35, 
H, 10.03; 


N, 5.76. 
N, 5.74. 



[Referential Example 46] trans-4-(N-tert-Butoxycartx>nytamino 

[0342] In dichloromethane (5 ml), trans-4-(N-tert-butoxycarbonylaminomethyl)cyclohexylmethanol (0.20 g) was dis- 
solved, followed by the addition of pyridinium chlorochromate (0.23 g). The resulting mixture was stirred at room tem- 
perature for 3 hours. The reaction mixture was purified by chromatography on a silica gel column (hexane : ethyl acetate 
= 3:1), whereby the title compound (0.15 g, 76%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.00(2H,m), 1.27(2H,m), 1.40-1. 60(1 H.m), 1.44(9H,s). 1.88(2H,m). 2.02(2H,m), 2.18(1H,m), 
3.00(2H,t.J=6.4Hz), 4.61(1H,br), 9.62(1 H,s). 
MS (FAB) m/z: 242 (M+H) + . 

[Referential Example 47] 1-[trans-4-(N-tert-Butoxycait»nylaminom 
yl)sulfony(]piperazine 

[0343] In dichloromethane (7 ml), trans-4-(N-tert-butoxycarbonylaminomethyl)cyclohexane carboxaklehyde (0.13 
g) was dissolved, followed by the addition of 1 -[(6-chloronaphthalen-2-yl)sulfbnyl]piperazine trrf luoroacetate (0.24 g), tri- 
ethylamine (78 and sodium triacetoxyborohydride (0.1 7 g). The resulting mixture was stirred at room temperature for 
1 1 hours under an argon gas atmosphere. To the reaction mixture, an aqueous solution of sodium bicarbonate was 
added, followed by dilution with dichloromethane. The organic layer so separated was dried over anhydrous sodium sul- 
fate. The residue obtained by distilling off the solvent under reduced pressure was purified by chromatography on a sil- 
ica gel column (hexane : ethyl acetate = 2:1), whereby the title compound (0.29 g, 100%) was obtained. 

1 H-NMR (CDCI3) 6: 0.70-0.90(4H,m), 1.30-1 .50(2H,m), 1.42(9H,s), 1 .70-1 .80(4H,m), 2.09(2H,d,J=7.3Hz), 
2.46(4H,m), 2.92(2H,m), 3.08(4H,m), 4.53(1 H.br), 7.56(1 H,dd,J=8.8.2.0Hz), 7.78(1 H ( dd ( J=8.8,2.0Hz), 7.80- 
8.00(3H,m), 8.30(1 H,s). 

MS (FAB) m/z: 536[(M+H) + , CI 35 ], 538[(M+H) + , a 37 ]. 

[Referential Example 48) 1-[trans-4-(N-tert-Butoxycarbonylami 
yl)sulfbnyl]piperazine 

[0344] The reaction was conducted as in Referential Examples 11 and 12, whereby the title compound was 
obtained. 

1 H-NMR (CDCI3) 6: 0.80-1.00(2H,m), 1.40-1.60(3H ( m), 1.42(9H.s), 1.60-1.70(2H,m), 1.70-1.90(2H.m), 
2.30(1 H,m), 2.95(2H,m), 3.07(4H,m), 3.58(2H,br), 3.70(2H,br), 4.57(1 H,m), 7.58(1 H,dd,J=8.8.2.0Hz), 
7.75(1 H,dd.J=8.8,1.5Hz), 7.90-8.00(3H,m), 8.30(1 H.s). 
MS (FD) m/z: 549(M + , CI 35 ), 551 (M\ CI 37 ). 

[Referential Example 49] N-[trans-4-(N-tert-BLrtoxycarbonylarninomethyl)cyclohexylcarb benzyl ester 

[0345] In a similar manner to Referential Examples 1 1 and 12 except for the use of methyl N-tert-butoxycarbonyl- 
tranexamate and glycine benzyl ester as the raw materials, the reaction was conducted, whereby the title compound 
was obtained. 

1 H-NMR (CDCI3) 6: 0.96(2H,m), 1.44(9H,s). 1.40-1 .60(3H,m), 1.80-1.90(2H,m), 1.90-2.00(2H,m), 2.10(1H.m), 
2.98(2H,m). 4.08(2H ( d t J=4.9Hz), 4.57(1H.br), 5.19(2H.s), 5.97(1H,m), 7.30-7.40(5H,m). 
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Elementary analysis for C22H32N2O5 


Calculated: 
Found: 


C, 65.32; 
C, 65.05; 


H, 7.97; 
H, 7.89; 


IM, 6.93. 
N, 7.16. 



[Referential Example 50] 1-[N-[trans-4-(N-tert-Butoxycarbonylami^^ 
naphthalen-2-yl)su!fony1]piperazine 

[0346] In tetrahydrofuran (1 1 ml), N-[trans^(N-tert-butoxycarbonylaminometriyOcycb benzyl 
ester (0.22 g) was suspended. To the resulting suspension, 10% palladium carbon (water content: about 50%, 50 mg) 
was added, followed by catalytic reduction at normal pressure and room temperature for 14 hours. After the removal of 
the catalyst, the solvent was distilled off under reduced pressure. The residue so obtained was reacted as in Referential 
Example 12, whereby the title compound (0.32 g, 98%) was obtained. 

1 H-NMR (CDCI3) 6: 0.80-1. 00(2H,m), 1.30-1 .50(3H,m), 1.43(9H,s), 1.80-2.00(4H ( m), 2.06(1H,m), 2.95(2H,m). 
3.10-3.20(4H,m), 3.52(2H,m), 3.74(2H,m), 3.94(2H,d,J=4.4Hz), 4.54(1H,m), 6.40(1H,m), 
7,59(1 H,dd.J=8.8,2.0Hz), 7.74(1 H,dd,J=8.8,1.5Hz), 7.80-8.00(3H,m), 8.30(1H,s). 
MS (FAB) m/z: 607 [(M+H) + , CI 35 ], 609 [(M+H) + , CI 37 ]. 

[Referential Example 51] 1-[(6-Chtoronaphthalen-2-yl)sulfonyl]homopiperazine hydrochloride 

[0347] Homopiperazine (5 g) was dissolved in tetrahydrofuran (1 00 ml) at room temperature. To the resulting solu- 
tion, 2-(tert-butoxy(^rbonyloxyimino)-2-phenytacetonitrile (12.3 g) was added in portions, followed by stirring for 3 
hours. After completion of the reaction, the solvent was distilled off. The residue was purified by chromatography on a 
silica gel column (10 to 20% methanol - dichloromethane), followed by the addition of ethanolic 1 N hydrochloric acid. 
The solvent was then distilled off. The residue was solidified by the addition of ethanol, whereby powders (7.46 g) were 
obtained. The resulting powders were reacted as in Referential Example 1, whereby the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 2.00(2H,br s), 3.10-3.30(4H,m), 3. 30-3.50(2 H,m), 3.55-3. 65(2H,m), 7.72(1 H,d,J=8.8Hz), 
7.89(1 H,d,J=8.3Hz), 8.17(1H,d,J=8.8Hz), 8.22-8.28(2H,m), 8.56(1 H,s), 9.29(2H,br s). 
MS (FAB) m/z: 325 (M+H) + . 



Elementary analysis for C 15 H 17 CIN 2 02S • HCI 



Calculated: 


C, 49.89; 


H, 5.02; 


N, 7.75; 




CI, 19.63. 






Found: 


C, 49.94; 


H, 5.05; 


N, 7.47; 




CI, 19.65. 







[Referential Example 52] 1-[trans-4-(N-tert-Butaxycarbonylami^^ 
yl)su!fonyl] homopiperazine 

[0348] In a similar manner to Referential Example 48 except for the use of methyl N-tert-butoxycarbonyltranexam- 
ate and 1-[(6-chloronaphthalen-2-yl)sutfony1]homopiperazine hydrochloride, the reaction was conducted, whereby the 
title compound was obtained. 

1 H-NMR (CDCI3) 6: 0.80-1.00(2H,m), 1.40-1.60(3H,m), 1.43(9H,s), 1.60-1. 90 (4H,m), 1.90-2.10(2H,m), 2.30- 
2.40(1 Km), 2.97(2H,m), 3.30-3.50(4H,m), 3.60-3.80(4H,m), 4.64(1 H.br), 7.50-7.60(1 H,m), 7.70-7.80(1 H,m), 7.80- 
8.00(3H,m), 8.33 and 8.35(1 H, each s). 
MS (FAB) m/z: 564 [(M+H) + , CI 35 ], 566 [(M+H) + , CI 37 ]. 
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[Referential Example 53] Methyl 4^N-tert4)utoxycart)onylaminometnyl)ben2 ate 

[0349] In a similar manner to Referential Example 44 except for the use of 4-aminomethylbenzoic acid as the raw 
material, the reaction was conducted, whereby the title compound was obtained. 

5 

1 H-NMR (CDCI3) 6: 1.47(91^8). 3.91(3H,s). 4.37(2H,d,J=5.4Hz), 4.92(1H,br), 7.35(2H,d,J=8.3Hz), 
8.00(2H,d,J=8.3Hz). 



10 



Elementary analysis for C 14 H ig N0 4 


Calculated: 
Found: 


C, 63.38; 
C, 63.20; 


H, 7.22; 
H ( 7.02; 


N, 5.28. 
N, 5.58. 



[Referential Example 54] 1-[4-(N4ert-Butoxycarbony1amirK>mtf 
azine 

20 [0350] In a similar manner to Referential Example 48 except for the use of methyl 4-(N-tert-butoxycarbonylami- 
nomethyl)benzoate and 1-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.45(9H,s), 3.00-3.30(4H,br), 3.40-4.00(4H,br), 4.31(2H,d,J=5.9Hz), 4.90(1 H.br), 7.27(4H,m), 
25 7.59(1 H,dd,J=8.8,1.5Hz), 7.75(1 H,d,J=8.8Hz), 7.90-8.00(3H,m), 8.30(1 H,s). 
MS (FAB) m/z: 544 [(M+H)\ CI 35 ], 546 [(M+H) + , CI 37 ]. 

[Referential Example 55] Methyl 3-(N-tert-butoxycarbonylaminomethyi)benzoate 

30 [0351] Methyl 3-methylbenzoate (1 .00 g) was dissolved in carbon tetrachloride (10 ml), followed by the addition of 
N-bromosuccinic imide (1.22 g) and 2,2'-azobisisobutyronitrile (catalytic amount). The resulting mixture was heated 
under reflux for 1 hour under exposure to a mercury lamp. After the insoluble matter was filtered off, the residue 
obtained by distilling off the solvent under reduced pressure was purified by chromatography on a silica gel column 
(hexane : ethyl acetate = 20:1). whereby a colorless oil (1.34 g) was obtained. 

35 [0352] "The colorless oil (0.62 g) so obtained was dissolved in N,N-dimethytformamide (10 ml), followed by the addi- 
tion of sodium azide (0.38 g). The resulting mixture was stirred at room temperature for 20 hours. After the concentra- 
tion of the reaction mixture under reduced pressure, the concentrate was diluted with ethyl acetate, washed with water 
and then dried over anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure 
was dissolved in tetrahydrofuran (15 ml). Triphenylphosphine (0.75 g) was added to the resulting solution, followed by 

40 stirring at an external temperature of about 50°C for 5 hours. After the addition of about 28% aqueous ammonia (7 ml) 
and stirring for further 2 hours, the reaction mixture was concentrated under reduced pressure. The concentrate was 
extracted with ether. Dilute hydrochloric add was added to the extract to make it acidic. To the water layer so separated, 
a acidic. To the water layer so separated, a dilute aqueous solution of sodium hydroxide was added to make it alkaline, 
followed by extraction with dichloromethane. The extract was dried over anhydrous sodium sulfate. The residue 

45 obtained by distilling off the solvent under reduced pressure was dissolved in dichloromethane (7 ml). To the resulting 
solution, di-tert-butyl dicarbonate (0.45 g) was added under ice cooling, followed by stirring at room temperature for 3 
days. The residue obtained by distilling off the solvent under reduced pressure was purified by chromatography on a 
silica gel column (hexane : ethyl acetate = 5:1), whereby the title compound (0.29 g, 35%) was obtained. 

so 1 H-NMR (CDCI3) 6: 1.46(9H,s), 3.91 (3H,s), 4.36(2H,d,J=5.9Hz), 4.97(1 H.br), 7.40(1 H,t,J=7.8Hz), 
7.49(1 H,d.J=7.8Hz), 7,90-8,00(2H,m). 
MS (FAB) m/z: 266 (M+H) + . 

[Referential Example 56] Methyl 4-cyanomethyibenzoate 

55 

[0353] In dichloromethane (20 ml), methyl 4-hydroxymethylbenzoate (1 .00 g) was dissolved, followed by the addi- 
tion f triethylamin (0.9 ml). Under ice cooling, a solution of methanesulfonyl chlorid (0.70 g) in dichloromethan 
(dichloromethane: 5 ml) was added to the resulting solution. The resulting mixtur was stirred at room temperature for 
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15 hours. After dilution with dichloromethane, the reaction mixture was washed with water and was then dried over 
anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was dissolved in 
acetonrtrile (12 ml). To the resulting solution, potassium cyanide (0.80 g) and 18-Crown-6 (0.16 g) were added, followed 
by stirring at r om temperature for 40 hours. After concentrati n under reduced pressure, the concentrate was diluted 
5 with dichloromethane, washed with water and then, dried over anhydrous sodium sulfate. The residue obtained by dis- 
tilling off the solvent under reduced pressure was purified by chromatography on a silica gel column (dichloromethane), 
whereby colorless crystals (0.91 g, 86%) was obtained. A portion of the resulting crystals was recrystallized from a 
mixed solvent of hexane and ethyl acetate, whereby colorless crystals were obtained. 

10 1 H-NMR (CDCb) 6: 3.82(2H,s). 3.93(3H,s), 7.42(2H,d,=8.3Hz), 8.06(2H,d,J=8.3Hz). 



Elementary analysis for C 10 H 9 NO 2 


Calculated: 
Found: 


C, 68.56; 
C, 68.39; 


H, 5.18; 
H, 5.29; 


N, 8.00. 
N, 8.08. 



20 [Referential Example 57] Methyl 4-[2-(tert-butoxycarbonylamino)ethyT]benzoate 

[0354] Methyl 4-cyanomethytbenzoate (0.20 g) was dissolved in a mixed solvent of methanol (15 ml) and chloro- 
form (0.4 ml). To the resulting solution, platinum dioxide (33 mg) was added, followed by catalytic reduction at room tem- 
perature under 3 atmospheric pressure for 3 hours. The catalyst was removed by filtration through Celite and the 

25 solvent was distilled off under reduced pressure. The residue was suspended in dichloromethane (5 ml), followed by 
the addition of triethylamine (1 60 uJ). After the addition of a solution of di-tert-butyl dicarbonate (0.29 g) in dichlorometh- 
ane (dichloromethane: 2 ml) under ice cooling, the resulting solution was stirred at room temperature for 13 hours. The 
reaction mixture was diluted with dichloromethane, washed with water and then dried over anhydrous sodium sulfate. 
The solvent was distilled off under reduced pressure. The residue was purified by chromatography on a silica gel col- 

30 umn (hexane : ethyl acetate = 10:1 - 5:1), whereby the title compound (0.28 g, 88%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.43(9H,s). 2.86(2H ) t,J=6.8Hz), 3.39(2H,m), 3.91(3H,s), 4.53(1H,br), 7.27(2H,d,J=8.3Hz), 
7.98(2H,d,J=8.3Hz). 



35 





Elementary analysis for C 15 H 2 iN0 4 




Calculated: 


C, 64.50; 


H, 7.58; 


N, 5.01. 


40 


Found: 


C, 64.43; 


H, 7.35; 


N, 4.97. 



[Referential Example 58] 1-[4-[2-(tert-Butoxycarbonylamino)eth^ 
zine 

45 

[0355] In a similar manner to Referential Example 48 except for the use of methyl 4-[2-(tert-butoxycarbo- 
nylamino)ethyl]benzoate and 1-[(6-chloronaphthalen-2-yl)sutfonyl]piperazine hydrochloride as the raw materials, the 
title compound was obtained. 

so 1 H-NMR (CDCI3) 5: 1.42(9H,s), 2.79(2H,t,J=6.8Hz), 3.10(4H ( br), 3.35(2H,m), 3.40-4.00(4H,br), 4.50(1 H.br), 
7.18(2H,d,J=8.3Hz), 7.24(2H,d,J=8.3Hz), 7.59(1 H,dd,J=8.8,2.0Hz), 7.75(1 H,dd,J=8.8,2.0Hz) i 7.90-8.00(3H,m), 
8.30(1 H,s). 

MS (FAB) m/z: 558 [(M+H) + , CI 35 ], 560 [(M+H) + . CI 37 ]. 

55 [Referential Example 59] (2RS)-2-(N-tert-Butoxycarbonylan^ ,2,3,4-tetrahydronaphtha- 
lene 

[0356] In a similar manner to Referential Example 55 except for the use of (2RS)-6-methoxycarbonyl-2-p-tolue- 



64 



EP1 031563A1 

nesulfonyloxymethyl-1 ,2,3,4-tetrahydronaphthalene as the raw material, the reaction was conducted, whereby the trtl 
compound was obtained. 

1 H-NMR (CDa 3 ) 6: 1.40-1. 60(1 H,m), 1.46(9H,s), 1.90-2.10(2H,m), 2. 50(1 H.dd.J=1 7.1,10.7Hz), 2.70-3.00(3H,m), 
3.10-3.30(2H,m), 3.89(3H,s). 4.68(1H,br) ( 7.12(1H,d,J=7.8Hz), 7.70-7.80(2H,m). 



Elementary analysis for C^H^NC^ 


Calculated: 
Found: 


C, 67.69; 
C, 67.78; 


H, 7.89; 
H, 7.61; 


N. 4.39. 
N, 4.12. 



[Referential Example 60] 1-[[(6RS)-6-(N-tert-Butoxyrarbonyfaminom 
nyl]-4-[(6-chloronaphthalen-2-yl)sulfonyl]pipera2ine 

[0357] In a similar manner to Referential Example 48 except for the use of (2RS)-2-(N-tert-butoxycarbonylami- 
nomethyl)-6-methoxycarbonyl-1 ,2,3,4-tetrahydronaphthalene and 1 -[(6-chloronaphthalen-2-yl)sulfonyT]piperazine 
hydrochloride, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.30-1. 60(1 H,m), 1.45(9H,s). 1 .80-2.00(2H,m), 2.43(1 H,dd,J=1 6.6, 10.7Hz), 2.70-2.90(3H,m), 
3.00-3.20(6H,m), 3.50-3.90(4H,br), 4.69(1H,br), 6.90-7.10(3H,m). 7.59(1 H I dd,J=8.8,2.0Hz), 
7.75(1 H,dd,J=8.8.2.0Hz), 7.90-8.00(3H,m), 8.30(1 H,s). 
MS (FAB) m/z: 598 [(M+H) + , CI 35 ], 600 [(M+H) + , CI 37 ]. 

[Referential Example 61] (2RS)-2-(N-tert-ButoxycartMnylaminomet^ 
lene 

[0358] In dichloromethane (10 ml), (2RS)-2-(N-tert-butoxycarbony1aminometh^ 

rahydronaphthalene (0.47 g) was dissolved, followed by the dropwise addition of diisobutylaluminum hydride (a 0.95M 
hexane solution, 3.6 ml) at an external temperature of -78°C. The resulting mixture was stirred for 90 minutes without 
changing the temperature. Methanol was added to the reaction mixture, followed by heating to room temperature. The 
insoluble matter was filtered off through Celite. The filtrate was concentrated under reduced pressure. The concentrate 
was diluted with dichloromethane, washed with water and dried over anhydrous sodium sulfate. The residue obtained 
by distilling off the solvent under reduced pressure was purified by chromatography on a silica gel column (hexane : 
ethyl acetate = 3:1), whereby colorless crystals (0.31 g, 72%) were obtained. A portion of the crystals was recrystallized 
from a mixed solvent of hexane and ethyl acetate, whereby colorless crystals were obtained. 

1 H-NMR (CDCI3) 6: 1.40-1. 60(1 H,m), 1.46(9H,s), 1.60-1.70(1 H.m), 1.90-2.00(2H,m), 2.45(1 H,dd,J=1 6.6, 10.7Hz), 
2.70-2.90(3H,m), 3.10-3.30(2H,m), 4.62(2H,d,J=5.9Hz), 4.67(1 H.br), 7.00-7.20(3 H,m). 



Elementary analysis for C^ 7 H 2 ^0 3 


Calculated: 
Found: 


C. 70.07; 
C, 70.21; 


H, 8.65; 
H, 8.49; 


N, 4.81. 
N, 4.75. 



[Referential Example 62] 1-[[(6RS)-6-(N-tert-Butoxycarbonylam™ 
4-[(6-chIoronaphthalen-2-yl)sulfonyl]piperazine 

[0359] In a similar manner to Referential Examples 46 and 47 except for the use of (2RS)-2-(N-tert-butoxycarbo- 
nylaminomethyl)-6-hydroxymethyl-1 ,2,3,4-tetrahydronaphthalene as the raw material, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.30-1. 50(1 H,m), 1.44(9H,s), 1.80-2.00(2H,m), 2.40(1 H,m), 2.51(4H,br), 2.60-2.90(3H,m), 
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3.09(6H,br), 3.39(2H,s), 4.67(1 H.br), 6.90-7.00(3 H,m), 7.56(1 H,d,J=8.8Hz), 7.77(1 H,d,J=8.8Hz), 7.80-8.00(31-1,01), 
8.28(1 H,s). 

MS (FAB) m/z: 584 [(M+H) + , CI 35 ], 586 [(M+H) + , CI 37 ]. 
[Referential Example 63] (2RS)-2-(tert-Birtyldimethylsilyloxym 
[0360] In N,N-dimethylformamide (5 ml), (2RS)-2-hydroxymethyl-6HTiethcxyra^ 

lene (1.71 g) was dissolved, followed by the addition of imidazole (0.81 g) and tert-butyldimethylsilyl chloride (1.81 g) 
under ice cooling. The resulting mixture was stirred at room temperature for 14 hours. After the addition of methanol, 
the mixture was concentrated under reduced pressure. The concentrate was diluted with ethyl acetate, washed with 
water and then dried over anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced 
pressure was purified by chromatography on a silica gel column (hexane : ethyl acetate = 50:1), whereby a yellow solid 
(2.20 g, 85%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 0.06(6H,s), 0.91(9H,s), 1.40-1. 60(1 H,m), 1.90-2.10(2H,m), 2.53(1 H,dd,J=1 7.1,10.3Hz), 2.80- 
3.00(3H,m), 3.58(2H,d,J=5.9Hz), 3.89(3H,s), 7.14(1H,d,J=7.8Hz), 7.70-7.80(2H,m). 
MS (FAB) m/z: 335 (M+H) + . 

[Referential Example 64] (2RS)-2-(tert-BirtyWimetr^silyloxym 

[0361] In a similar manner to Referential Example 61 except for the use of (2RS)-2-(tert-butyldimethylsilyloxyme- 
thyl)-6-methoxycarbonyl-1 ,2,3,4-tetrahydronaphthalene as the raw material, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 0.07(6H,s). 0.91 (9H,s), 1.30-1. 50(1 H,m), 1.50-1 .60(1 H,m), 1 .90-2.1 0(2H,m), 2.48(1 H,m), 
2.70-2.90(3H,m), 3.58(2H,m), 4.62(2H,d,J=5.9Hz) ( 7.09(3H,m). 
MS (FAB) m/z: 307 (M+H) + . 

[Referential Example 65] (2RS)-6-(N-tert-Butoxycarbonylaminomethyl)-2-(tert-butylcfimetn^ 
rahydronaphthalene 

[0362] In dichloromethane (10 ml), (2RS)-2-(tert-butyldimethylsilyloxy^ 

naphthalene (1 .00 g) was dissolved. To the resulting solution, triethylamine (0.5 ml) was added, followed by ice cooling. 
After the addition of a solution of methanesuKonyl chloride (0.39 g) in dichloromethane (dichloromethane: 1 ml), the 
resulting mixture was stirred at room temperature for 9 hours. Tne reaction mixture was washed with water and then 
dried over anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was 
treated as in Referential Example 59, whereby the title compound (1 .10 g, 83%) was obtained. 

1 H-NMR (CDCI3) 6: 0.06(6H,s), 0.91 (9H,s). 1.40-1 .60(1 H,m), 1.46(9H,s), 1.90-2.00(2H,m), 2.45(1 H,m), 2.70- 

2.90(3H,m), 3.57(2H,m), 4.24(2H,m), 4.76(1 H.br), 7.00-7.10(3H,m). 

MS(FAB)m/z:406(M+H) + . 

[Referential Example 66] (2RS)-6-(N-tert-Butoxycarbonylarninomethyl)-2-hydroxymethyl-1, 2,3,4-tetrahydronaphtha- 
lene 

[0363] In tetrahydrofuran (10 ml), (2RS)-6-(N-tert-butoxyc»rbonylaminome 

thyl)-1,2,3,4-tetrahydronaphthalene (1.09 g) was dissolved. To the resulting solution, tetrabutylammonium fluoride (a 
1 .0M tetrahydrofuran solution, 4.0 ml) was added, followed by stirring at room temperature for 2 hours. After concentra- 
tion under reduced pressure, the concentrate was diluted with dichloromethane, washed with water and dried over 
anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was purified by 
chromatography on a silica gel column (hexane : ethyl acetate = 3:1 - 2:1), whereby a colorless solid (0.77 g, 98%) was 
obtained. A portion of the solid was recrystallized from a mixed solvent of hexane and ethyl acetate, whereby colorless 
crystals were obtained. 

1 H-NMR (CDCI3) 6: 1.40-1 .60(2H,m), 1.46(9H,s), 1.90-2.10(2H,m), 2.48(1 H,dd,J=1 6.6. 10. 7Hz), 2.70-3.00(3H,m), 
3.6-3.7(2H,m), 4.24(2H,d,J=5.4Hz), 4.78(1 H.br), 7.00-7.1 0(3H,m). 
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Elementary analysis for C 17 H 2 5NQ3 


Calculated: 
Found: 


C, 70.07; 
C, 70.02; 


H, 8.65; 
H, 8.61; 


N.4.81. 
N, 4.46. 



[Referential Example 67] 1-[[(2RS)-6-(N-tert-Butoxycart>onylaminometh^^ 
4-[(6-chloronaphthalen-2-yf)sulfonyl]piperazine 

[0364] In dichloromethane (5 ml), (2RS)-6-(N-tert-butoxycarbonylaminom 

dronaphthalene (0.17 g) was dissolved, followed by the addition of N-methylmorpholine N-oxide (0.13 g) and Molecular 
Sieves 4A (activated powder, 0.18 g). Under ice cooling, ruthenium tetraoxide tetrapropyiammonium salt (10 mg) was 
added to the resulting mixture under ice cooling, followed by stirring at room temperature for 1 hour. Ether was added 
to the reaction mixture and the insoluble matter was removed by the filtration through Celite. The filtrate was distilled off 
under reduced pressure. The residue was purified by chromatography on a silica gel column (dichloromethane), 
whereby the corresponding aldehyde compound was obtained. In a similar manner to Referential Example 47 except 
for the use of the resulting aldehyde compound, the reaction was conducted, whereby the title compound (0.14 g, 41%) 
was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.20-1. 40(1 H,m), 1.44(9H,s), 1.80-2.00(2H,m) ( 2. 20-2.40(3 H,m), 2.50-2.60(4H,m), 2.60- 
2.80(3H,m), 3.1 1(4H,m), 4.20(2H,d,J=5.4Hz), 4.79(1H,br), 6.94(3H,m), 7.57(1 H,dd,J=8.8,1. 5Hz), 
7.79(1 H,dd,J=8.8 ( 1.5Hz) ( 7.90-8.00(3H,m), 8.31(1H,s). 
MS (FAB) m/z: 584 [(M+H) + , CI 35 ], 586 [(M+H) + , CI 37 ]. 

[Referential Example 68] 1-[[(2RS)-6-(N-tert-Butoxycarbonylamin^ 
nyl]4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine 

[0365] In carbon tetrachloride (2 ml), acetonitrile (2 ml) and water (3 ml), (2RS)-6-(N-tert-butoxycarbonylaminome- 
thyl)-2-hydroxymethyl-1 ,2,3,4-tetrahydronaphthalene (0.21 g) was dissolved, followed by the addition of sodium perio- 
date (0.48 g) and ruthenium trichloride hydrate (4 mg). The resulting mixture was stirred for 90 minutes. The reaction 
mixture was diluted with dichloromethane. The organic layer so separated was dried over anhydrous sodium sulfate. 
The residue obtained by distilling off the solvent under reduced pressure was added with ether and insoluble matter was 
filtered off. The filtrate was then distilled under reduced pressure. In a similar manner to Referential Example 12 except 
for the use of the carboxylic acid compound so obtained, the reaction was conducted, whereby the title compound (0. 1 1 
g, 25%) was obtained. 

1 H-NMR (CDCI3) 6: 1.45(9H,s), 1.70-2.00(2H,m), 2.60-2.90(4H,m), 2.95(1H,m), 3.11(4H,m), 3.64(2H 1 m), 
3.76(2H,m), 4.22(2H,d,J=5.4Hz), 4.82(1H,br), 6.90-7.1 0(3 H,m), 7,59(1 H,d,J=8.8Hz), 7.77(1 H,d,J=8.8Hz), 7.90- 
8.00(3H,m), 8.31 (1H,s). 
MS (FD) m/z: 597 [M + , CI 35 ], 599 [M + , CI 37 ]. 

[Referential Example 69] 2-(N-tert-Butoxycarbonylaminomet^ 

[0366] In a similar manner to Referential Example 65 except for the use of 2-hydroxymethyl-7-methoxycarbonyl- 
naphthalene (1 .01 g) as the raw material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.49(9H,s), 3.98(3H,s), 4.50(2H,d,J=5.4Hz), 4.99(1 H.br), 7.53(1 H,d,J=8.3Hz), 7.80- 
7.90(3H,m) f 8.04(1 H,dd,J=8.3,1.0Hz), 8.57(1H,s). 



Elementary analysis for C 18 H 2 iN0 4 


Calculated: 


C, 68.55; 


H, 6.71; 


N, 4.44. 
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(continued) 



Elementary analysis for C 18 H2i N0 4 


Found: 


C, 68.54; 


H, 6.70; 


N, 4.46. 



[Referential Example 70] H[7-(N-tert-ButoxycartMrtyiamm 
2-yl)sulfonyl]piperazine 

[0367] In a similar manner to Referential Example 48 except for the use of 2-(N-tert-butoxycartx)nyiaminomethyO- 
7-methoxycarbonylnaphthalene as the raw material, the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.46(9H,s), 3.12(4H,br). 3.50-4.00(4H ( br), 4.45(2H,d.J=5.9Hz), 5.01(1 H.br), 

7.34(1 H,d,J=7.8Hz), 7.45(1 H,d ( J=8.3Hz), 7.50-7.60(1 Km), 7.66(1 H,s), 7.70-7.80(4H,m), 7.90-8.00{3H,m), 
8.30(1 H,s). 

MS (FAB) m/z: 594 [(M+H) + , CI 35 ], 596 [(M+H)\ CI 37 ]. 

[Referential Example 71] 1-n7-(N-tert-Butoxycartranylaminomet^ 
yl)sulfonyl]piperazine 

[0368] In a similar manner to Referential Examples 61 and 67 except for the use of 2-(N-tert-butoxycarbonylami- 
nomethyl)-7-methoxycarbonylnaphthalene as the raw material, the reaction was conducted, whereby the title com- 
pound was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s). 2.50-2.70(4H,m), 3.10(4H,br), 3.61(2H,S), 4.44(2H,d,J=5.4Hz), 4.92(1H,br), 7.30- 
7.40(2H,m), 7.50-7.70(3H,m), 7.70-7.90(3H,m). 7.90-8.00(3H,m), 8.29(1 H,s). 
MS (FAB) m/z: 580 [(M+H) + , CI 35 ], 582 [(M+H) + , CI 37 ]. 

[Referential Example 72] 2-{N-tert-Butoxycarooriylaminometri^ 

[0369] In a similar manner to Referential Examples 45 and 65 except for the use of dimethyl 2,6-naphthalenedicar- 
boxylate as the raw material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.48(9H,s), 3.98(3H,s), 4.50(2H,d,J=5.4Hz), 4.99(1H,br), 7.47(1 H,d,J=8.3Hz), 7.75(1H,s), 
7.84(1 H,d,J=8.8Hz), 7.92(1 H,d,J=8.8Hz), 8.06(1 H,d, J =8.3Hz), 8.58(1 H,s). 



Elementary analysis for C 18 H 21 N0 4 


Calculated: 
Found: 


C. 68.55; 
C, 68,93; 


H, 6.71; 
H, 6.70; 


N, 4.44. 
N, 4.29. 



[Referential Example 73] Methyl 4-[[(3S)-1-tert-butoxycarbony1-3-pyrrolidinyI]oxy]benzoate 

[0370] In tetrahydrofuran (50 ml), methyl 4-hydroxybenzoate (1.01 g), (3R)-1-tert-butoxycarbonyl-3-pyrrolidinole 
(1 .36 g) and triphenytphosphine (1 .73 g) were dissolved, followed by the dropwise addition of a 40% solution (2.87 ml) 
of diethyl azodicarboxylate in toluene under ice cooling. The resulting mixture was stirred at room temperature for 20 
hours. To the reaction mixture, ethyl acetate and a 10% aqueous solution of potassium carbonate were added to sep- 
arate the organic layer. The organic layer so separated was washed with a 10% aqueous solution of potassium carbon- 
ate and water and dried over anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure. The 
residue was purified by chromatography on a silica gel column (hexane : ethyl acetate = 2:1), whereby the title com- 
pound (1 .60 g, 76%) was obtained. 

1 H-NMR (CDCI3) 6: (9H,s), 2.00-2.20(2H,m), 3.40-3.70(4H,m), 3.89(3H.s), 4.96(1 H.br s). 6.88(2H,d,J=8.8Hz). 
7.90-8.00(2H,m). 
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[Referential Example 74] 4-[[(3S)-1-tert-Butoxycarbony-3-pyrr lidinyQoxy]benzoic acid 

[0371] In a similar manner to Referential Example 1 1 except for the use of methyl 4-[[(3S)-1 -tert-butoxycarbonyl-3- 
pyrro!idtnyi]oxy]benzoate as the raw material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CD 3 OD) 5: 1.45 and 1.47(9H, each s), 2.10-2.20(2H,m), 3.40-3. 70(4H,m), 5.00-5.10(1 H,m), 
6.98(2H,d.J=8.8Hz), 7.97(2H,d,J=8.8Hz). 

[Referential Example 75] 1 -[4-[[(3S)-1 -tert-ButoxycartxmylpyrroN^ 
fonyl]piperazine 

[0372] In a similar manner to Referential Example 12 except for the use of 4-[[(3S)-1-tert-butoxycarbonyl-3-pyrro- 
lidinyQoxy]benzoic acid and 1-[(6-chloronaphthalen-2-y1)sulfonyl]piperazine hydrochloride as the raw materials, the 
reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 5: 1.46(9H,s), 2.00-2.20(2H,m), 3.00-3.20(4H,m), 3.40-3. 80(8H,m), 4.88(1 H.br s), 
6.82(2H.d.J=8.3Hz), 7.20-7.30(2H,m), 7.60(1H,dd,J=8.7,1.9Hz), 7.76(1 H,dd,J=8.5 i 1.7Hz), 7.90-7.95(3H,m), 
8.30(1 H,s). 



Elementary analysis for C3oH34CIN 3 0 6 S 


Calculated: 
Found: 


C, 60.04; 
C, 60.05: 


H, 5.71; 
H, 5.69; 


N, 7.00. 
N, 6.80. 



[Referential Example 76] Methyl 3-[[(3S)-1-tert-butoxycarbonyl-3-pyrrolidinyl]oxy]benzoate 

[0373] In a similar manner to Referential Example 73 except for the use of methyl 3-hydroxybenzoate, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 )6: 1.45 and 1.47(9H, each s), 2.05-2.25(2H,m), 3.40-3.70(4H,m), 3.92(3H,s), 4.96(1 H.br s), 
7.07(1 H,d.J=7.8Hz), 7.30-7.40(1 H,m), 7.53(1 H,d,J=2.0Hz), 7.65(1 H,m). 
MS (FAB) m/z: 322 (M+H) + . 

[Referential Example 77] 3-[[(3S)-1-tert-Butoxycarbonyl-3-pyrrolidinyl]Qxy]benzoic acid 

[0374] In a similar manner to Referential Example 74 except for the use of methyl 3-[[(3S)-1 -tert-butoxycarbonyl-3- 
pyrrolidinyl]oxy]benzoate as the raw material, the title compound was obtained. 

1 H-NMR (CD3OD) 6: 1.45 and 1.47(9H, each s). 2.05-2.25(2H,m), 3.35-3.65(4H,m), 5.04(1 H.br s), 7.05- 
7.15(1H,m), 7.30-7.40(1 H,m), 7.53(1 H.s), 7.62(1 H,d,J=7.3Hz). 
MS (FAB) m/z: 308 (M+H) + . 

[Referential Example 78] 1-[3-[[(3S)-1-tert-birtoxycartonytp^ 
fonyl]piperazine 

[0375] In a similar manner to Referential Example 75 except for the use of methyl 3-[[(3S)-1 -tert-butoxycarbonyl-3- 
pyrrolidinyl]oxy]benzoic acid as the raw material, the title compound was obtained. 

1 H-NMR(CDCI 3 )6: 1 .45 and 1 .46(9H, each s), 2.00-2. 20(2H,m), 2.95-3. 25(4H,m), 3. 40-3.90(8H,m), 4.84(1 H.brs), 
6.80-6.90(3H,m), 7.20-7.30(1 H,m), 7.60(1 H,dd,J=8.8, 1.5Hz), 7.76(1 H,dd,J=8.5,1.7Hz), 7.90-7.95(3H,m), 8.30- 
8.35(1 H,m). 

MS (FAB) m/z: 600 [(M+H) + , Q 35 ], 602 [(M+H) + , CI 37 ]. 



69 



EP 1031 563 A1 

[R ferentiai Exampl 79] Methyl 4-[[(3R)-1-tert-butoxycarbonyl-3-pyiT lidinyl]oxy]benzoate 

[0376] In a similar manner to Referential Example 73 except for the use of methyl 4-hydroxybenzoate and (3S)-1 - 
tert-butoxycarbonyl-3-pyrrolidinole as the raw materials, the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.47(9H,s). 2.05-2.25(2H,m), 3.40-3.70(4H,m), 3.89(3H,s), 4.96(1H,br s), 6.88(2H,d,J=8.8Hz) 1 

7.90-8.00(2H,m). 

MS (FAB) m/z: 322 (M+H) + . 

[Referential Example 80] 4-[[(3R)-1 -tert-Butoxycarbonyl-3-pyrrolidinyJ]oxy]benzoic acid 

[0377] In a similar manner to Referential Example 74 except for the use of methyl 4-[[(3R)-1 -tert-butoxycarborryl-3- 
pyrrolidinyt]oxy]benzoate as the raw material, the title compound was obtained. 

1 H-NMR (CD3OD) 6: 1.47 and 1.48(9H, each s), 2.10-2.25(2H,m), 3.40-3.70(4H,m), 4.98(1H,br s), 
6.91 (2H,d. J=8.8Hz), 8.00-8. 1 0(2H,m). 
MS (FAB) m/z: 308 (M+H) + . 

[Referential Example 81] 1-[4-[[(3R)-1-tert-Butoxycart»nylpy^ 
fonyf]piperazine 

[0378] In a similar manner to Referential Example 75 except for the use of 4-[[(3R)-1 -tert-butoxycarbonyl-3-pyrro- 
lidinyl]oxy]benzoic acid as the raw material, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.46(9H,s), 2.00-2.20(2H,m), 3.00-3.20(4H,m), 3.40-3.80(8H,m), 4.89(1H,br s), 
6.82(2H,d,J=8.3Hz), 7.20-7.30(2H,m), 7.58(1 H,dd,J=8.8,2.0Hz), 7.74(1 H,dd,J=8.5,1.7Hz), 7.90-7.95(3H,m), 
8.30(1 H,s). 

MS (FAB) m/z: 600 [(M+H)\ CI 35 ], 602 [(M+H) + , CI 37 ]. 
[Referential Example 82] Methyl 3-[[(3R)-1-tert-butoxycarbonyl-3-pyrrolidinyl]oxy]benzoate 

[0379] In a similar manner to Referential Example 73 except for the use of methyl 3-hydraxybenzoate and (3S)-1- 
tert-butoxycarbonyl-3-pyrrolidinole as the raw materials, the title compound was obtained. 

1 H-NMR (CDCI 3 )6: 1.47(9H.s), 2.05-2.25(2H,m). 3.40-3.70(4H,m), 3.92(3H,s), 4.95(1H,br s), 7.07(1 H,d,J=7.8Hz), 
7.30-7.40(1 H,m), 7.50-7.55(1 H.m), 7.60-7.70(1 H,m). 
MS (FAB) m/z: 322 (M+H) + . 

[Referential Example 83] 3-[[(3R)-1-tert-biitcxycartx)nyl-3-pyrrolidinyl]axy]benzoic acid 

[0380] In a similar manner to Referential Example 74 except for the use of methyl 3-[[(3R)-1 -tert-butoxycarbonyl-3- 
pyrrolidinyl]oxy]benzoate as the raw material, the title compound was obtained. 

1 H-NMR (CD3OD) 5: 1.48(9H,s), 2.05-2.25(2H,m), 3.45-3.70(4H,m), 4.97(1H,br s), 7.10-7.15(1H,m), 7.35- 
7.45(1 H,m), 7.58(1 H,s), 7.70-7.75(1 H,m). 
MS (FAB) m/z: 308 (M+H) + . 

[Referential Example 84] 1-[3-[[(3R)-1-tert-butoxycarbony1pyrrolidn-3-yl]oxy]benzoyl]-4-[(6-chlo 
fonyl]piperazine 

[0381] In a similar manner to Referential Example 75 except for the use of 3-[[(3R)-1-tert-butoxycarbonyl-3-pyrroId- 
inyl]oxy]benzoic acid as the raw material, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.45 and 1.46(9H, each s). 2.00-2.20(2 H,m), 2.95-3.25(4H,m), 3.40-3.90(8H,m), 4.84(1 H.brs). 
6.80-6.90(3H,m), 7.20-7.30(1 H,m), 7.60(1 H l dd,J=8.5.1.7Hz), 7.76(1 H,dd,J=8.5.2.0Hz), 7.90-7.95(3H.m), 8.30- 
8.35(1 H,m). 

MS (FAB) m/z: 600 [(M+H) + , CI 35 ], 602 [(M+H) + , CI 37 ]. 
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[Referential Example 85] 4-[2-Amino-5-pyrimidyi)benzoic acid 

[0382] In a similar manner to Referential Example 2 except for the use of 2-amino-5-bromopyrimidine as the raw 
material, the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 7.81(2H,d.J=8.8Hz), 8.00(2H,d,J=8.8Hz), 8.84<2H,s). 
MS (FAB) m/z: 216 (M+H) + . 

[Referential Example 86] 1-tert-butoxywrbonyl-44(methoxycartx)ny0methylene]piperidine 

[0383] In tetrahydrofuran (40 ml), methyl dimethyiphosphonoacetate (1 .8 ml) was dissolved. To the resulting solu- 
tion, 60% oily sodium hydride (450 mg) was added under ice cooling, followed by stirring under the same condition. 
After the addition of a solution of 1-(tert-butoxycarbonyl)-4-piperidone (2.05 g) in tetrahydrofuran (tetrahydrofuran: 10 
ml) and stirring at room temperature for 30 minutes, the reaction mixture was diluted with ethyl acetate. To the diluted 
solution, 2N hydrochloric acid was added. The organic layer was separated, washed with a saturated aqueous solution 
of sodium bicarbonate and saturated aqueous saline, and dried over anhydrous sodium sulfate. The solvent was then 
distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column (hexane : ethyl 
acetate = 6:1), whereby the title compound (2.35 g, 92%) was obtained. 

1 H-NMR (CDCI 3 ) &: 1.47(9H,s), 2.28(2H,t.J=5.9Hz), 2.94(2H,t,J=5.9Hz), 3.48(2H,t,J=5.9Hz), 3.50(2H,t,J=5.9Hz), 
3.70(3H,s), 5.72(1 H,s). 



Elementary analysis for C 13 H 21 N0 4 


Calculated: 
Found: 


C, 61.16; 
C. 61.14; 


H, 8.29; 
H, 8.34; 


N, 5.49. 
N, 5.20. 



[Referential Example 87] Methyl (1-tert-butoxycarbonylpiperidin-4-yl)acetate 

[0384] In ethanol (10 ml), 1-tert-butoxy(^rbonyl-4-[(methoxycarbonyl)methyl]piperidine (875 mg) was dissolved, 
followed by the addition of 10% palladium carbon (water content: about 50%, 730 mg). The resulting mixture was sub- 
jected to catalytic reduction under normal pressure at room temperature for 3 days. After the removal of the catalyst by 
filtration, the solvent was distilled off under reduced pressure, whereby the title compound (871 mg, 99%) was obtained. 

1 H-NMR (CDCI3) 6: 1.16(2H,m), 1.45(9H,s), 1.65(2H,m), 1.93(1H,m), 2.25(2H,d.J=6.8Hz), 2.72(2H,br), 
3.68(3H,s), 4.08(2H,br). 
MS (FAB) m/z: 258 (M+H) + . 

[Referential Example 88] (1-tert-Butoxycarbonylpiperidin-4-yl)acetic acid 

[0385] In a similar manner to Referential Example 1 1 except for the use of methyl (1 -tert-butoxycarbonylpiperidin- 
4-yl)acetate as the raw material, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.18(2H,m), 1.45(9H,s), 1.73(2H,m), 1.94(1H,m), 2.29(2H,d,J=6.8Hz), 2.72(2H,m), 

4.10(2H,br). 

MS (El) m/z: 243 M + . 

[Referential Example 89] 1-[(1-tert-Butoxycartonylpiperidin-4^ 

[0386] In a similar manner to Referential Example 1 2 except for the use of (1 -tert-butoxycarbonylpiperidin-4-yl)ace- 
tic acid and l-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as the raw materials, the reaction was con- 
ducted, whereby the title compound was obtained. 

1 H-NMR(CDCI 3 ) 6: 1.05(2H,m), 1.43(9H,s), 1.63(2H,m), 1.91 (1H,m), 2.1 4(2H,d,J=6.8Hz), 2.66(2H,m), 3.07(4H,br 
s), 3.56(2H,br s). 3.67(2H,br s). 4.02(2H,br), 7.58(1 H ( dd.J=8.8,2.0Hz), 7.75(1 H,d.J=8.8Hz), 7.91(1H ( d,J=8.8Hz), 
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7.93(1 H t d,J=8.8Hz), 7.92(1 H,s), 8.30(1 H,s). 

MS (FAB) m/z: 536 [(M+H) + , CI 35 ], 538 [(M+H) + . CI 37 ]. 

[Referential Example 90] 3K1-tert-But(^carbonylpiperidin-4-yl)propionic acid 

[0387] In a similar manner to Referential Example 61 except for the use of ethyl 1-tert-butoxycarbonylisonipecoti- 
nate as the raw material, the reaction was conducted, whereby the corresponding aldehyde derivative was obtained. 
The resulting derivative was treated as in Referential Examples 86, 87 and 88, whereby the title compound was 
obtained. 

1 H-NMR (CDCI 3 ) 6: 1.10(2H,m), 1.41(1H p m), 1.45(9H,s), 1.60(2H,q,J=7.8Hz), 1.66(2H,m), 2.39(2H,t.J=7.8Hz), 
2.67(2H,m), 4.09(2H,br). 
MS (FAB) m/z: 258 (M+H) + . 

[Referential Example 91] 1-[3-(14ert-Butoxyc»rbonyipiperidin-^ 
erazine 

[0388] In a similar manner to Referential Example 12 except for the use of 3-(1-tert-butaxycarbonylpiperidin-4- 
yl)propionic acid and 1-[(6-chloronaphthalen-2-yl)sulfbnyl]piperazine hydrochloride as the raw materials, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.04(2H,m), 1.35(1H,m), 1.44(9H,s), 1.47(2H,q,J=7.8Hz), 1.57(2H,m), 2.24{2H,t,J=7.8Hz), 
2.61 (2H,m), 3.07(4H,br s), 3.50(2H,br s), 3.71(2H,br s), 4.04{2H,br), 7.58(1 H,dd,J=8.8,2.0Hz), 
7.75(1 H,dd,J=8.8.2.0Hz), 7.90(1 H,d,J=8.8Hz), 7.91(1H,s). 7.92(1 H.d,J=8.8Hz), 8.30(1H,s). 
MS (FAB) m/z: 550 [(M+H) + , CI 35 ], 552 [(M+H) + , CI 37 ]. 

[Referential Example 92] (E)-3-(4-Pyridyl)acrylic acid 

[0389] In a similar manner to Referential Examples 86 and 88 except for the use of isonicotinic aldehyde as the raw 
material, the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 6.79(1 H,d.J=16.6Hz), 7.56(1 H,d,J=16.6Hz), 7.66(2H,d.J=5.9Hz), 8.62(2H,d,J=5.9Hz), 

1 2.72(1 H.brs). 

MS(EI)m/z:149M + . 

[Referential Example 93] 1-Methoxycarbonyl-3-pyrroline 

[0390] In dichloromethane (20 ml), 3-pyrroline (1.1 ml) was dissolved, followed by the addition of triethylamine (2.6 
ml) and methyl chloroformate (1.2 ml) under ice cooling. The resulting mixture was stirred at room temperature for 17 
hours. The residue obtained by distilling the reaction mixture under reduced pressure was purified by chromatography 
on a silica gel column (hexane : ethyl acetate = 4:1), whereby the title compound (0.95 g, 52%) was obtained. 

1 H-NMR (CDCI3) 6: 3.73(3H,s), 4.00-4.20(4H,m), 5.70-5.90(2H,m). 

[Referential Example 94] Methyl 4-trif luoromethanesulfonyloxybenzoate 

[0391] In dichloromethane (20 ml), methyl 4-hydroxybenzoate (1.99 g) was dissolved, followed by the addition of 
pyridine (2.4 ml) and trifluoromethanesulfonic anhydride (3.0 ml) under ice cooling. After stirring at room temperature 
for 6 hours, the reaction mixture was added with pyridine (1 .5 ml) and trifluoromethanesulfonic anhydride (1 .0 ml) again. 
The resulting mixture was stirred for 5 hours. Dichloromethane and an aqueous solution of sodium bicarbonate were 
added to the reaction mixture. The organic layer so separated was washed with a 10% aqueous citric acid solution and 
saturated saline and dried over anhydrous sodium sulfate. The residue obtained by distilling off the solvent under 
reduced pressure was purified by chromatography on a silica gel column (5% ethyl acetate - hexane), whereby the title 
compound (3.22 g, 86%) was obtained. 

1 H-NMR (CDCI3) 6: 3.95(3H,s), 7.36(2H,d,J=8.8Hz), 8.15(2H,d,J=8.8Hz). 
MS (FAB) m/z: 285 (M+H) + . 
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[Referential Example 95) Methyl 4^1^ethoxycarbonylpyiTolidin-3-yl)benzoat 

[0392] In N,N-dimethytforrramide (25 ml), methyl 4-trifluoromethanesulfonyloxybenzoate (1.05 g), 1-methaxycarb- 
onyl-3-pyrroIine (1 .0 g), lithium chloride (0.51 g), palladium (II) acetate(53 mg) and tri(2-furyl)phosphine (100 mg) were 

s dissolved, followed by the addition of diisopropylethylamine (2.8 ml). Under an argon gas atmosphere, the resulting mix- 
ture was stirred at 90°C for 1 1 hours and then, at 100°C for 7 hours. The residue obtained by distilling off the solvent 
under reduced pressure was added with dichloromethane and water. The organic layer so separated was washed with 
water and dried over anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure. The residue 
was purified by chromatography on a silica gel column (hexane : ethyl acetate = 9:1 -5:1) The purified product was 

10 dissolved in methanol (30 ml), followed by the addition of 10% palladium carbon (water content: about 50%, 186 mg) 
and ammonium formate (197 mg). The resulting mixture was heated under reflux for 2 hours. After the removal of the 
catalyst by filtration, the solvent was distilled off under reduced pressure. The residue was purified by chromatography 
on a silica gel column (10% ethyl acetate - toluene), whereby the title compound (241 mg, 25%) was obtained. 

15 1 H-NMR (CDCI 3 ) 6: 1.95-2.10(1H,m), 2.25-2.35(1 H,m), 3.30-3.35(4H,m), 3.55-3.75(1 H,m), 3.72 and 3.73(3H each 
s), 3.80-3.90(1 H,m), 3.91 (3H,s), 7.30(2H,d,J=3.8Hz), 8.00(2H,d,J=8.3Hz). 
MS (FAB)m/z:264(M+H) + .- 

[Referential Example 96] 4-(1-tert-Butoxycarbonylpyrrolidin-3-yl)benzoic acid 

20 

[0393] In methanol (10 ml), methyl 4-(1-methoxycarbonylpyrrolidin-3-yl)benzoate (0.24 g) was dissolved. The 
resulting solution was added with 8N hydrochloric acid (30 ml), followed by heating under reflux for 40 hours. The resi- 
due obtained by distilling off the solvent under reduced pressure was dissolved in N.N-dimethylformamide (30 ml). To 
the resulting solution, 2-(tert-butoxycarbonyloxyimino)-2-phenylacetonitrile (0.30 g) and then diisopropylethylamine 
25 (0.40 ml) were added, followed by stirring at room temperature for 15 hours. The residue obtained by distilling off the 
solvent under reduced pressure was distributed in ethyl acetate and a 10% aqueous citric acid solution. The organic 
layer so separated was washed with saturated saline and dried over anhydrous sodium sulfate. The solvent was then 
distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column (dichlorometh- 
ane - 10% methanol - dichloromethane), whereby the title compound (234 mg) was obtained. 

30 

1 H-NMR (CDCI3) 6: 1.48(9H,m), 1. 90-2.00(1 H,m), 2.20-2.30(1 H,m), 3.20-3.90(5H,m), 7.20-7.30(2H,m), 8.00- 

8.10(2H,m). 

MS (EI)m/z:291M + . 

35 [Referential Example 97] 1 -[4-(3RS)-1-tert-Butoxyc»rbonylpyrrolidin-3-yl]benzoyl]-4-[(6-chIoronaph^ 
nyl]piperazine 

[0394] In a similar manner to Referential Example 12 except for the use of 4-(1-tert-butoxycarbony!pyrrolidin-3- 
yl)benzoic acid and 1-[(6-chloronaphthalen-2-yl)sulfonyTJpiperazine hydrochloride as the raw materials, the reaction 
40 was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.47 and 1.60(9H, each s), 1.80-2.00(1 H,m), 2.1 0-2.20(1 H,m), 3.00-4.00(13H,m), 7.10- 
7.30(4H,m), 7.55-7.65(1 H,m), 7.70-7.80(1 H,m), 7.85-8.00(3 H.m), 8.30(1 H,s). 

45 [Referential Example 98] Methyl 5-benzimidazolecarboxylate hydrochloride 

[0395] In a similar manner to Referential Example 44 except for the use of 5-benzimidazolecarboxytic acid as the 
raw material, the reaction was conducted, whereby the title compound was obtained. 

so 1 H-NMR (DMSO-dg) 6: 3.93(3H,s), 7.96(1 H,d,J=8.8Hz), 8.12(1H,d.J=8.8Hz), 8.40(1H,s), 9.66(1H,s). 



Elementary analysis for C 9 H 8 N 2 02 • HCI 


Calculated: 


C, 50.84; 
CI, 16.67. 


H, 4.27; 


N, 13.17; 
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(continued) 



Elementary analysis for C 9 H 8 N 2 02 • HQ 


Found: 


C, 50.64; 
CI. 16.59. 


H, 4.22; 


N, 13.12; 



[Referential Example 99] Methyl N-triphenylmethyl-5^enzimidazolecarboxylate 

[0396] In a similar manner to Referential Example 22 except for the use of methyl 5-benzimidazolecarboxylate 
hydrochloride as the raw material, the title compound was obtained. 

1 H-NMR (CDCI 3 )5: 3.75(2H,s), 3.89(1H,s), 6.49(1 /3H,d,J=8.8Hz), 7.1 -7.4(1 6H,m), 7.61(1/3H,dd,J=8.8,1.5Hz), 
7.78(2/3H,d,J=8.8Hz), 7.87(2/3H,dd,J=8.8, 1.5Hz), 7.96(1/3H,s), 8.02(2/3H ( s). 
MS (FAB)m/z:419(M+H) + . 

[Referential Example 100] Sodium thiazolo[5,4-c]pyridine-2-carboxylate 

[0397] In tetrahydrofuran (1 2 ml), ethyt thiazolo[5,4-c]pyridine-2-carboxy1ate (0.61 g) was dissolved, followed by the 
addition of a 1 N aqueous sodium hydroxide solution (3 ml). After stirring at room temperature for 30 minutes, the insol- 
uble matter was filtered off. Without purification, the filtrate was provided for the subsequent reaction. 

1 H-NMR (DMSO-de) 6: 7.95(1 H,d 1 J=5.9Hz), 8.57(1 H,d,J=5.9Hz) 1 9.27(1 H,s). 

[Referential Example 101] 1-[(5-tert-Butoxycartx)nyl-4,5 ( 6,7-tetrar^ 
naphthalen-2-yl)sulfonyl]piperazine 

[0398] In a similar manner to Referential Example 47 except for the use of 5-tert-biJtoxycarbonyl-2-formyl -4,5,6,7- 
tetrahydrothieno[3,2-c]pyridine and 1-[(6-chloronaphthaEen-2-yl)suffonyl]piperazine hydrochloride as the raw materials, 
the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.47(9H,s), 2.53-2.62(4H,m), 2.72(2H,br s), 3.10(4H,br s), 3.59(2H,s), 3.66(2H,br s), 
4.38(2H,s), 6.54(1 H,s). 7.57(1 H,dd,J=8.8,2.0 Hz), 7.76(1 H,dd ( J=8.8,2.0Hz), 7.87-7.94(3 H,m), 8.29(1 H,s). 
MS (FAB) m/z: 562 [(M+H) + , Cl% 564 [(M+H) + , CI 37 ]. 

[Referential Example 102] 3-(5-tert-Butoxycarbonyl-4,5,6,7-tetrahydro^ 

[0399] In a similar manner to Referential Examples 86, 87 and 88 except for the use of 5-tert-butoxycarbonyl-2- 
formyM.S.ej-tetrahydrothienoP^-clpyridine as the raw material, the reaction was conducted, whereby the title com- 
pound was obtained. 

1 H-NMR (CDCI3) 6: 1.48(9H,s), 2.70(2H,t,J=7.3Hz), 2.76(2H,br s), 3.09(2H,t.J=7.3Hz), 3.70(2H,s), 4.40(2H,s), 

6.51 (1H.s). 

MS (FD)m/z:311M + . 

[Referential Example 103] (E)-3-(5-tert-Butoxy<^rbonyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridn-2-yl]acr^ acid 

[0400] In a similar manner to Referential Examples 86 and 88 except for the use of 5-tert-butoxycarbonyl-2-formyl- 
4 l 5,6,7-tetrahydrothieno[3,2-c]pyridine as the raw material, the reaction was conducted, whereby the title compound 
was obtained. 

1 H-NMR (CDCI3) 6: 1.49(9H,s), 2.85(2H,br s), 3.73(2H,br s), 4.47(2H,s), 6.12(1H,d,J=15.4Hz), 6.98(1H,s), 

7.77(1H,d,J=15.4Hz). 

MS (FD) m/z: 309M\ 



74 



EP 1031 563 A1 



[Referential Example 104] 1-[(E)^-(5-tert-ButoxyrarbonyJ-4^^ penoyl]-4-[(6- 
chloronaphthalen-2-yl)sulfonyIJpipera2ine 

[0401] In a similar manner to Referential Example 12 except for the use of (E)-3^5-tert-butoxycarbonyl-4,5,6,7-tet- 
rahydrothieno[3.2-c]pyridin-2-yl)acrylic add and 1-[(6-chloronaphthalen-2-yi)sulfonyl]pipera2ine hydrochloride as the 
raw materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.47(9H,s), 2.80(2H,br s). 3.12(4H,U=4.9Hz), 3.46-3.86(61-1^), 4.41(2H,s). 
6.39(1H,d,J=15.1Hz), 6.83(1H,s). 7.55-7. 78(3H,m). 7.89-7.92(3H,m), 8.30(1H,s). 
MS (FD) m/z: 601 (M + , CI 35 ). 603 (M + , CI 37 ). 

[Referential Example 105] 1-[3-(5-tert-Butoxyc»il3ony1-4,5,6.7-tetr^ 
ronaphthalen-2-yl)sulfonyl]piperazine 

[0402] In tetrahydrofuran (10 ml), 3-(5-tert-butoxycarbonyl-4,5,6,7-tetrah^ 

acid (445 mg) was dissolved, followed by the dropwise addition of N-methylmorpholine (170 *il) and isobutyl chlorofor- 
mate (210 jjU) successively at -20°C. After stirring at -20°C for 10 minutes, 1-[(6-chloronaphthalen-2-yl)sulfonyl]pipera- 
zine hydrochloride (607 mg) dissolved in advance in dichloromethane (10 ml) was added to the reaction mixture. The 
reaction mixture was stirred at -20°C for 10 minutes and then heated to room temperature. The reaction mixture was 
concentrated under reduced pressure. The residue was dissolved in dichloroethane. The resulting solution was washed 
with 1 N hydrochloric acid, saturated sodium bicarbonate and saturate saline and dried over anhydrous sodium sulfate. 
The solvent was distilled off under reduced pressure. The residue was purified by chromatography on a silica gel col- 
umn (hexane : ethyl acetate = 4:1 - 2:1), whereby the title compound (625 mg, 72%) was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s). 2.53(2H,t,J=7.5Hz), 2.68(2H,br s). 2.99-3.10(6H,m), 3.51-3.55(2H,m), 3.64(2H,br 
s), 3.72-3.77(2H,m), 4.34(2H,s). 6.43(1 H,s), 7.59(1 H,dd,J=8.8,2.0Hz), 7.74(1 H,dd,J=8.8,2.0Hz), 7.88-7.94(3H,m), 
8.30(1 H,s). 

MS (FAB) m/z: 604 [(M+H) + , CI 35 ], 606 [(M+H) + , CI 37 ]. 
[Referential Example 106] 3- (5-tert-Butoxycarbonyl-4,5,6,7-tetraryd^ 

[0403] Ethyl 3-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2-yl)propi (1.68 g) obtained in 
Referential Example 102 was dissolved in dichloromethane (100 ml). After stirring at -78°C for 10 minutes, diisobutyla- 
luminum hydride (a 0.98M hexane solution, 7.50 ml) was slowly added dropwise to the reaction mixture. The resulting 
mixture was stirred at -78°C for 10 minutes, followed by the addition of methanol (50 ml). The resulting mixture was 
heated to room temperature. The reaction mixture was concentrated under reduced pressure. To the residue, dichlo- 
romethane and a saturated aqueous ammonium chloride solution were added and the resulting mixture was filtered 
through Celite. The organic layer separated from the filtrate was washed with saturated saline and dried over anhydrous 
sodium sulfate. The solvent was then distilled off. The residue was purified by chromatography on a silica gel column 
(hexane : ethyl acetate = 5:1), whereby the title compound (935 mg, 55%) was obtained. 

1 H-NMR (CDCI3) 6: 1.48(9H,s), 2.76(2H,br s), 2.81(2H,t.J=7.3Hz), 3.09(2H,t.J=7.3Hz), 3.69(2H,br s), 4.39(2H,s). 
6.49(1 H,s), 9.81 (1H,s). 
MS (FAB) m/z: 295M + . 

[Referential Example 107] 1-[3-(5-tert4xJtoxycarbonyl-4,5,6,7-tetrahydrothieno[3,2<]pyridin-2 
naphthalen-2-yl)sulfonyl]piperazine 

[0404] In a similar manner to Referential Example 47 except for the use of 3-(5-tert-butoxycarbonyl-4,5,6,7-tetrahy- 
drothieno[3,2-c]pyridin-2-yl)propanal, 1-[(6-chloronaphthalen-2-yl)surfonyl]piperazine hydrochloride as the raw materi- 
als, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s), 1.69-1.79(2H,m), 2.36(2H,W=7.3Hz), 2.49-2.54(4H,m), 2.65-2.75(4H,m), 
3.10(4H.br s). 3.67(2H,br s), 4.37(2H,s), 6.39(1 H,s). 7.57(1 H,dd.J=8.8.2.0Hz), 7.78(1 H,dd,J=8.8,2.0Hz), 7.88- 
7.95(3H,m), 8.30(1 H,s). 
MS (FD) m/z: 589 (M + , CI 35 ). 591 (M + , CI 37 ). 
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[Referential Example 108] 2-Aminomethyl-5-tert-butoxycarbonyl-4,5,6 ,7-tetrahydrothieno[3,2-c]pyridine 
[0405] In tetrahydrofuran (100 ml), 5-tert-butoxycarbonyl-2-hydroxym 

(2.10 g) was dissolved, followed by the addition of triphenylphosphine (2.66 g) and phthalimide (1.15 g). After the dr p- 
wise addition of diethyl azodicarboxytate (1.28 ml), the resulting mixture was stirred at room temperature for 5 hours. 
After concentration under reduced pressure, the residue was purified by chromatography on a silica gel column (hexane 
: ethyl acetate = 4:1), whereby a colorless solid was obtained. The resulting solid was dissolved in ethanol (40 ml). To 
the solution, hydrazine hydrate (0.39 ml) was added, followed by heating under reflux for 5 hours. After the solid so pre- 
cipitated was filtered off, the filtrate was concentrated under reduced pressure. The residue was purified by chromatog- 
raphy on a silica gel column (dichloromethane - dichloromethane : methanol = 25:1), whereby the title compound (448 
mg, 21%) was obtained. 

1 H-NMR (DMSOdg) 6: 1.42(9H,s), 2.72(2H ( m), 3.60(2H,m), 3.80(2H,s), 4.32(2H,s), 6.64(1 H,s). 
MS (FD) m/z: 268M*. 

[Referential Example 109] 1-[N-(5-tert-BirtoxycailDonyi-4,5,6J-tetrah^ 
[(6-chloronaphthalen-2-yl)sulfonyf]piperazine 

[0406] In tetrahydrofuran (100 ml), 5-tert-butoxycarbonyl-2-aminomethyl^^ 

(150 mg) was dissolved. To the resulting solution, carbonyldiimidazole (136 mg) was added under ice cooling, followed 
by stirring at room temperature for one hour. After concentration under reduced pressure, the residue was dissolved in 
toluene (50 ml). To the resulting solution, triethyiamine (0.23 ml) and 1-((6-chloronaphthalen-2-yl)sulfonyl]pjperazine 
hydrochloride (356 mg) were added under ice cooling, followed by stirring overnight at room temperature. The reaction 
mixture was diluted with ethyl acetate, washed with water and saturated saline and dried over anhydrous sodium sul- 
fate. The solvent was then distilled off under reduced pressure. The residue was punfied by chromatography on a silica 
gel column (hexane : ethyl acetate = 3:1-1 :1), whereby the title compound (303 mg, 89%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.46(9H,s), 2.70(2H,br s), 3.07(4H,t,J=4.9Hz), 3.48(4H,t,J=4.9Hz), 3.66(2H,br s), 4.36(2H,br 
S), 4.39(2H,d,J=5.4Hz), 4.69(1 H,t,J=5.4Hz), 6.58(1 H,s), 7.58(1 H,dd,J=8.8,2.0Hz), 7.74(1 H,dd,J=8.8,2.0Hz), 7.87- 
7.93(3H,m), 8.30(1 H,s). 
MS (FD) m/z: 604 (M + , CI 35 ). 606 (M + , CI 37 ). 

[Referential Example 110] 1-[ (5-tert-Butoxycarbonyl^,5,6,7-tetrariydrothieno[3,2<]pyridi 
naphthalen-2-yl) sulfonyljpiperazine 

[0407] In a similar manner to Referential Example 1 2 except for the use of 5-tert-butoxycarbonyl-4,5 t 6,7-tetrahydro- 
thieno[3,2-c]pyridin-2-carboxylic acid and 1-[(6-chloronaphthalen-2-yl)sulfonyi]piperazine hydrochloride as the raw 
materials, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s), 2.79(2H,br s), 3.12(4H,t,J=4.9Hz), 3.68(2H,br s), 3.84 (4H,t,J=4.9Hz), 4.42(2H,br 
s). 6.91(1H,s), 7.59(1 H,dd,J=8.8,2.0Hz), 7.75(1 H,dd,J=8.8,2.0Hz), 7.90-7.97(3H,m), 8.30(1H,s). 
MS (FD) m/z: 575 (M + , CI 35 ). 577 (M\ CI 37 ). 

[Referential Example 111] 1-[(5-tert-Butoxycartx>nyl-4.5,6,7^ 
naphthalen-2-yl)sulfonyl]-2-ethoxycarbonylpiperazine 

[0408] In a similar manner to Referential Example 1 2 except for the use of S-tert-butoxycarbonyl^.S.e^-tetrahydro- 
thieno[3,2-c]pyridin-2-carboxylic acid and 1-[(6<hloronaplithalen-2-yl)sulfonyl]-3-ethoxycarbonylpiperazine hydrochlo- 
ride as the raw materials, the title compound was obtained. 

1 H-NMR (CDCI 3 )6: 1 .32(3H.t,J=7.3Hz), 1.47(9H,s). 2.35-2.46(1 H,m). 2.55-2.64(1 H,m), 2.80(2H,br s), 3.15- 
3.20(1 H,m), 3.69(2H,br s), 3.75-3.85(1 H,m), 4.12(2H,q,J=7.3Hz), 4.20-4.36(2H,m), 4.39-4.48(3H,m), 6.96(1 H,s), 
7.59(1 H,dd,J=8.8,2.0Hz), 7.75(1 H,dd,J=8.8,2.0Hz), 7.88-7.94(3H,m). 8.32(1 H,s). 
MS (FAB) m/z: 648 [(M+H) + . CI 35 ], 650 [(M+H) + , CI 37 ]. 
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[Referential Example 112] 1-[(6-ChloronaprrthaIen-2-y0sufon 
yl)carbonyf]piperazine 

[0409] In ethanol, 1-[ (6-chloronaphthalen-2-yl)sulfonyl] ^-[(4 f 5,6J-tetrahydrothieno[3,2K;]pyridin-2-yl)carbo- 
ny1]piperazine hydrochloride (195 mg), triethylamine (0.2 ml) and sodium acetate (118 mg) were suspended, followed 
by the addition of cyan bromide (1 14 mg). The resulting mixture was stirred at room temperature for 2 hours. The resi- 
due obtained by concentrating the reaction mixture under reduced pressure was added with dichloromethane, followed 
by washing with water. After drying over anhydrous sodium sulfate, the residue obtained by distilling off the solvent 
under reduced pressure was purified by chromatography on a silica gel column (dichloromethane : methanol = 100:1), 
whereby the title compound (51 mg, 28%) was obtained. 

1 H-NMR(CDCl3) 6: 2.93-2.98(2H,m), 3.11-3.14(4H,m), 3.49-3.55(2H,m), 3.81-3.84(4H,m), 4.29(2H.s). 6.89(1H,s), 
7.59(1 H,dd,J=8.8,2.0Hz), 7.75(1 H,dd,J=8.8,2.0Hz), 7.90-7.94(3H,m), 8.30(1 H,s). 
MS (FAB) m/z: 501 [(M+H) + . CI 35 ], 503 [(M+H) + , CI 37 ]. 

[Referential Example 113] HN-tS-tert-ButGKye^jtonyl-^S.ej 
chloronaphthalen-2-yl)suffonyl]piperazine 

[0410] In benzene (10 ml), 5-tert*utoxy<»rbonyl^,5,67-tetrahydrothieno[3,2<]pyridin-2-cart)oxylic acid (283 mg) 
was dissolved, followed by the addition of triethylamine (0.14 ml) and diphenytphosphoryl azide (0.21 g). The resulting 
mixture was heated under reflux for 2 hours. After cooling to room temperature, the reaction mixture was added with 1 - 
[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride (347 mg), followed by heating overnight under reflux. After 
the reaction mixture was cooled to room temperature, dichloromethane and a 3N aqueous sodium hydroxide solution 
were added thereto to extract an organic layer. The organic layer so extracted was washed with 0.5N hydrochloric acid, 
a saturated aqueous solution of sodium bicarbonate and saturated saline and dried over anhydrous sodium sulfate. The 
solvent was distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column 
(hexane : ethyl acetate = 3:1 - 2:1), whereby the title compound (284 mg, 48%) was obtained. 

1 H-NMR (CDCI 3 ) 5: 1.45(9H,s) t 2.65(2H ( br s), 3.10(4H ( t,J=4.9Hz), 3.57(4H,t,J=4.9Hz), 3.64(2H,br s), 4.27(2H,s). 
6.15(1H,br s), 7.58(1 H,dd,J=8.8,2.0Hz), 7.73(1 H,dd,J=8.8,2.0Hz), 7.87-7.93(3H,m), 8.28(1H,s). 
MS (FAB) m/z: 591 [(M+H) + , CI 35 ], 593 [(M+H) + , CI 37 ]. 

[Referential Example 114] 1-[N-(5-tert-Butaxycaifconyl-4,5,6,7-tetra^ 
bamoyl]-4-[(6-ch!oronaphthalen-2-yl)sulfonyl]piperazine 

[0411] In N,N-dimethylformamide (10 ml), 1-[N-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydrothieno[3 ( 2'C] pyridin-2- 
yl)carbamoyl]-4-[(6-ch!oronaphthalen-2-yl)sutfonyi]piperazine (147 mg) was dissolved. After the addition of 60% oily 
sodium hydride (22 mg), the resulting mixture was stirred at room temperature for 30 minutes. Methyl iodide (0.023 ml) 
was added to the reaction mixture and the resulting mixture was stirred at room temperature for 90 minutes. To the res- 
idue obtained by concentrating the reaction mixture under reduced pressure, ethyl acetate was added. The resulting 
mixture was washed with water and saturated saline and then dried over anhydrous sodium sulfate. The solvent was 
then distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column (hexane 
: ethyl acetate = 2:1), whereby the title compound (43 mg) was obtained. 

1 H-NMR (CDCI3) 6: 1.49(9H,s), 2.63(2H,br s). 3.01(4H,t.J=4.9Hz), 3.13(3H,s), 3.40(4H,t,J=4.9Hz), 3.67(2H,br s), 
4.31 (2H,s), 6.21(1H,br s), 7.58(1 H.dd.J^.S^.OHz), 7.72(1 H,dd,J=8.8,2.0Hz), 7.88-7.95(3H,m), 8.27(1 H,s). 
MS (FAB) m/z: 605 [(M+H) + , CI 35 ] , 607 [(M+H) + , CI 37 ]. 

[Referential Example 115] 1-[(6-tert-Butoxycarbonyl-4,5,6,7-tetrar 
ronaphthaIen-2-yl)sutfonvl]piperazine 

[041 2] In a similar manner to Referential Example 1 2 except for the use of 6-tert-butoxycarbonyl-4,5,6 t 7-tetrahydro- 
thiazolo[5,4-c]pyridine-2-carbaxylic acid and 1-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as the raw 
materials, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s), 2.84(2H,br s), 3.19(4H,br), 3.72(2H,t,J=5.4Hz), 3.87(2H,br s). 4.54(2H,s), 
4.63(2H,br s), 7.57(1 H,dd,J=8.8.2.0Hz), 7.76(1 H,dd,J=8.8,2.0Hz), 7,87-7.94(3H,m), 8.30(1 H,s) 
MS (FAB) m/z: 577 [(M+H) + . CI 35 ]. 579 [(M+H) + , CI 37 ]. 
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[Referential Example 116] l-Ke-tert-ButoxycarbonyM.S.ej-tetra^ 
ronaphthalen-2-yl)suffony0-2-^ 

[041 3] In N, N-dimethylformamide (30 ml), 6-tert^utaxyc»rbonyl-4,5,6,7-tetrahv^ 

acid (742 mg), 1-[(6<^loronaphthalen-2-yQsulfonyl]-3^oxycarbonylpiperazine hydrochloride (1.00 g) and benzotria- 
zol-1-yl-oxy-tris(pyrrolidino)phosphonium hexafluorophosphate ("PyBOP", trade name) (1.50 g) were dissolved, fol- 
lowed by the addition of triethylamine (0.40 ml). The resulting mixture was stirred overnight at room temperature. After 
the reaction mixture was concentrate under reduced pressure, ethyl acetate was added to the residue. The resulting 
mixture was washed with water and saturated saline and dried over anhydrous sodium sulfate. The solvent was then 
distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column (hexane : ethyl 
acetate = 4:1), whereby the title compound (505 mg, 30%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.24-1.37(3H,m), 1.47(9H,s), 2.45-2.60(1 H,m), 2.62-2.71 (1H,m), 2.75-2.90(2H,m), 3.65- 
3.94(3H,m), 4.19-4.31(2H,m), 4.45-4. 72(4H,m), 5.35(1/2H,br s), 5.71-5.77(1/2H,m), 6.72(1H,br s). 
7.58(1 H,dd,J=8.8.2.0Hz), 7.77(1 H,dd,J=8.8,2.0Hz), 7.88-7.92(3H,m), 8.33(1 H,s). 
MS (FAB) m/z: 649 [(M+H) + , CI 35 ], 651 [(M+H) + , CI 37 ]. 

[Referential Example 117] 1-[(6-tert-Butoxycarbonyl-4,5.6,7-tetrar^ 
bamoyl-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine 

[0414] In tetrahydrofuran (5 ml), 1 -[(6-ten>butoxycarbonyl-4,5,6,7-tetrah^ 

[(6-chloronaphthalen-2-y0sulfonyl]-2-ethoxycarbonylpiperazine (487 mg) was dissolved. After the addition of methanol 
(5 ml) and a 1N aqueous solution of sodium hydroxide (3 ml), the resulting mixture was stirred at room temperature for 
4 hours. To the reaction mixture, 1N hydrochloric acid was added to adjust its pH to 1 to 2, followed by the addition of 
ethyl acetate. The organic layer so separated was dried over anhydrous sodium sulfate. The residue obtained by distill- 
ing off the solvent under reduced pressure was dissolved in tetrahydrofuran (5 ml), followed by the dropwise addition of 
N-methylmorpholine (0.09 ml) and isobutyl chloroformate (0.1 1 ml) at -20°C. After stirring at -20°C for 10 minutes, the 
reaction mixture was added with an ammonta-dichloromethane solution (0.50 ml). The resulting solution was stirred at 
-20°C for 1 0 minutes, ethanolic 1 N hydrochloric acid (1 0 ml) was added. The reaction mixture was then heated to room 
temperature and concentrated under reduced pressure. The residue was dissolved in dichloroethane, followed by 
washing with 1N hydrochloric acid. The organic layer was dried over anhydrous sodium sulfate. The solvent was then 
distilled off under reduced pressure. The residue was purified by chromatography on a silica gel column (dichlorometh- 
ane ~ dichloromethane : methanol = 100:1), whereby the title compound (317 mg, 68%) was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.41(9H,s), 2.39-2.86(4H,m), 3.60-3.80(4H,m), 4.25-4.34(1 H,m), 4.36-4.44(1 /2H,m), 
4.62(2H,br s), 4.97(1/2H,br s), 5.44-5.52(1/2H,m), 6.19(1/2H,br s), 7.30-7.39(1 H,m), 7.63-7.85(3H,m), 
8.15(1H,d.J=8.8Hz), 8.20-8.29(2H,m), 8.48(1H,s). 
MS (FAB) m/z: 620 [(M+H) + , CI 35 ], 622 [(M+H)\ CI 37 ]. 

[Referential Example 118] 1-[(6-tert-Butoxyrartoonyl-4,5 p 6,7-tetra 
chlorostyrylsutfonyl]piperazine 

[041 5] In a similar manner to Referential Example 1 2 except for the use of 6-tert-butoxycarbonyl-4,5,6,7-tetrahydro- 
thiazolo[5,4-c]pyridin-2-carboxylic acid and 1-[(E)-4-chlorostyrylsulfonyl]piperazine hydrochloride as the raw materials, 
the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.48(9H ( s), 2.87(2H,br s), 3.31(4H,m), 3.75(2H,br s), 3.90(2H,br s), 4.57(2H,br s), 4.68(2H,s), 

6.64(1 H,d,J=15.6Hz), 7.28-7.35(5H,m). 

MS (FAB) m/z: 553 [(M+H) + , CI 35 ], 555 [(M+H) + , CI 37 ]. 

[Referential Example 119] (3S)-3- Amino- 1-tert-butoxycarbonylpyrrolidine 

[0416] In a similar manner to Referential Example 59 except for the use of (3R)-1-tert-butoxycarbonyl-3-meth- 
anesulfonyloxypyrrolidine (1 .50 g) as the raw material, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.46(9H ( s), 1.98-2.1 1(2H,m), 2.95-3.10(1 H,m), 3.26-3.60(4H,m). 
MS (FAB) m/z: 187 (M+H) + . 
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[Referential Example 120] (3S)-3-[(6-Chloronaphthalen-2-yO^ 

[041 7] In a similar manner to Referential Example 1 except for the use of (3S)-3-amino-1 -tert-butoxycarbonytpyrro- 
lidine as the raw material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-dg) 6: 1.69-1.80(1H,m), 1.88-1. 99(1 H,m), 2.95-3.28(4H,m), 3.75-3.84(1 Km), 7.71(1H ( m) t 
7.91(1H,m), 8.10-8.30(4H,m), 8.53(1H,s), 8.91(1H,br s). 9.06(1H,brs). 

[Referential Example 121] (SSH-KS-tert-ButaxycartonyM.S.ej^^ 
ronaphthalen-2-yl)sulfonamide]pyrrolidine 

[0418] In a similar manner to Referential Example 47 except for the use of 5-tert-butoxycartx>nyl-2-fbrmyt-4,5,6,7- 
tetrahydrothieno[3,2-c]pyridine and (3S)-3-[(6-chloronaphthalen-2-yf)sulfonamide]pyrrolidine trrfiuoroacetate as the raw 
materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.49(9H,s), 1.52-1.63(1H,m) ( 2.03-2.12(1 H,m), 2.19-2.27(1 H,m), 2.35-2.54(2H,m), 2.73- 
2.85(3H,m), 3.59(1 H,d,J=13.9Hz), 3.66(1 H,d,J=13.9Hz), 3.70(2H,br s), 3.88-3.95(1 H,m), 4.39(2H,s), 4.99t1/2H,s), 
5.02(1/2H,s), 6.49(1 H,s), 7.55(1 H,dd,J=8.8,2.0Hz), 7.82-7.90(4H,m), 8.40(1 H,s). 
MS (FD) m/z: 561 (M + , CI 35 ), 563 (M + , CI 37 ). 

[Referential Example 122] (3S)-1-[(5-tert-Butoxycarbonyl-4,5,6,7-tetra 
chloronaphthalen-2-yl)sulfonamide]pyrroIidine 

[041 9] In a similar manner to Referential Example 1 2 except for the use of 5-tert-butoxycarbonyl-4,5,6,7-tetrahydro- 
thieno[3,2-c]pyridine-2-carboxylic acid and (3S)-3-[(6-chloronaphthalen-2-y0sulfonamide]pyrrolidine trifluoroacetate as 
the raw materials, the title compound was obtained. 

1 H-NMR(CDCI 3 ) 6: 1.50(9H,s), 1.80-2.08(2H,m), 2.75(2H ( br s), 3.48-3.87(6H,m), 3.88-4.05(1 H,m), 4.37(2 H.br s), 
6.09(1H,brs), 7.05-7.15(1 H,m), 7.55(1 H,dd,J=8.8,1.5Hz), 7.79-7.91 (4H,m), 8.41(1H,s). 
MS (FAB) m/z: 576 [(M+H) + , CI 35 ], 578 [(M+H) + , CI 37 ]. 

[Referential Example 123] (3S)-3-Amino-1-[(6-chloronaphthalen-2-yl)surfonyl]pyrrolidine 

[0420] In trtf luoroacetic acid, (3R)-1 -tert-butoxycarbonyl-3-methanesulfonylQxypryrrolidine was dissolved. After the 
resulting solution was concentrated under reduced pressure, diethyl ether was added to the concentrate, followed by 
the removal of the supernatant. The residue was reacted as in Referential Example 1 , whereby the corresponding sul- 
fonamide derivative was obtained as a crude product. The crude product was subjected to azide formation and reduc- 
tion as in Referential Example 55. whereby the title compound was obtained. 

1 H-NMR (DMSO^de) 6: 1.38-1.53(3H,m), 1.72-1. 83(1 H.m), 2.81 -2.89(1 H,m) f 3.20-3.39(4H,m), 
7.69(1 Kdd,J=8.8,1. 9Hz). 7.87(1 H,d,J=8.8Hz), 8.12(1H,d,J=8.8Hz), 8.21(1H,s), 8.26(1 H,d.J=8.8Hz), 8.39(1H,s). 
MS (FAB) m/z: 31 1 [(M+H) + , CI 35 ], 313 [(M+H) + , CI 37 ]. 

[Referential Example 124] (SSH-fKS-tert-Butoxycartonyl-^S,^^ 
[(6-chloronaphthalen-2-yl)sulfonyI]pyrrolidine 

[0421] In a similar manner to Referential Example 47 except for the use of 5-tert-butoxycarbonyl-2-formyl-4 t 5 t 6,7- 
tetrahydrothieno[3,2-c]pyridine and (3S)-3-amino-1-[(6-chloronaphthalen-2-y0surfonyl]pynrolidine as the raw materials, 
the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCyS: 1.48(9H.s), 1.60-1 .69(1 H,m), 1.95-2.05(1 H,m), 2.72(2H,brs). 3.11(1H,dd,J=10.3.4.4Hz), 3.30- 
3.46(4H m), 3.68(2H.br s), 3.72(2H,s). 4.36(2H.s). 6.44(1 H.s). 7.56(1 H,dd,J=8.8,2.0Hz), 7.86-7.91 (4H,m). 
8.36(1 H,s). 

MS (FD) m/z: 561 (M + , CI 35 ), 563 (M + , CI 37 ). 
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[Referential Example 125] (3S)-3-[(5-tert-ButoxycartonyiA5 ( 6,7^ 
[(6-chloronaprrthalen-2-y0sulfonyl]pynrolidine 

[0422] In a similar manner to Referential Example 1 2 except for the use of 5-te rt-butoxycart»nyl -4,5,6, 7-tetrahydro- 
thieno[3,2-c]pyridine-2-carboxylic acid and (3S)-3-amino-1-[(6-chloronaphthalen-2-yl)su^ as the raw 

materials, the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.48(9H,s). 1 .90-2.00(1 H,m), 2.11 -2.22(1 H,m), 2.80(2H,br s), 3.32-3.42(1 H,m), 3.44- 
3.57(3H,m), 3.71(2H,br s), 4.38(2H,d,J=1.5Hz), 4.40-4.49(1 H,m), 5.80-5.87(1 H,m), 6.96(1H,s), 
7.54(1H l dd,J=8.8.1.5Hz), 7.83-7.89(3H,m), 7.90(1 H,d.J=8.8Hz), 8.37(1H,s). 
MS (FD) m/z: 576 [(M+H)\ CI 35 ], 578 [(M+H) + . CI 37 ]. 

[Referential Example 126] 1-[(5-tert-Butoxycarbonyl-4,5,6,7-tetra^ 
naphthalen-2-yl)sulfbnyl]homopiperazine 

[0423] In a similar manner to Referential Example 1 2 except for the use of 5-tert-butoxycarbonyl-4,5,6 t 7-tetrahydro- 
thieno[3,2-c]pyridine-2-carboxylic acid and 1-[(6-chloronaphthalen-2-yl)sulfonyl]homopiperazine hydrochloride as the 
raw materials, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s), 2.01(2H,br s), 2.78(2H p br s), 3.37-3.54(4H,m), 3.68(2H,br s), 3.78(2H,t,J=6.1Hz), 
3.86(2H,t.J=6.1Hz), 4.39(2H,s), 6.88(1 H,br s), 7.55(1 H,dd.J=8.8,2.0Hz), 7.75-7.80(1 H,m), 7.83-7.90(3H,m), 
8.33(1 H,s). 

MS (FD) m/z: 589 (M\ CI 35 ), 591 (M + , CI 37 ). 
[Referential Example 127] 4-Benzylamino-1-tert-butoxycarbonylpiperidine 

[0424] In dichloromethane (500 ml), 1-tert-butoxycarbonyl-4-piperidione (7.00 g) was dissolved, followed by the 
addition of benzylamine (4.03 ml) and sodium triacetoxyborohydride (11.91 g). The resulting mixture was stirred ever- 
night at room temperature. After the reaction mixture was concentrated under reduced pressure, the residue was dis- 
solved in ethyl acetate. The resulting mixture was washed with water and saturated saline and then dried over 
anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure. The residue was purified by chro- 
matography on a silica gel column (hexane : ethyl acetate = 1:1), whereby the title compound (7.46 g, 76%) was 
obtained. 

1 H-NMR (CDCI3) 6: 1.24-1. 37(2 H,m), 1.45(9H,s), 1.80-1 .90(2H,m), 2.62-2.70(1 H.m), 2.75-2.85(1 H,m), 2.98- 
3.07(1H,m), 3.78-3.90(3H,m), 3.95-4.10(1 H,m), 7.21-7.34(5H,m). 
MS (FD) m/z: 290M + . 

[Referential Example 128] 4-Amino-1 -tert-butoxycarbonylpiperidine acetate 

[0425] In methanol (2 ml) and acetic acid (30 ml), 4-benzylamino-1 -tert-butoxycarbonylpiperidine (4.04 g) was dis- 
solved, followed by the addition of 1 0% palladium carbon (water content: about 50%, 3.06 g). The resulting mixture was 
subjected to catalytic reduction overnight under medium pressure (3 atmospheric pressure). After the removal of the 
catalyst by filtration, the filtrate was distilled off under reduced pressure. The residue was solidified in ethyl acetate, 
whereby the title compound (2.23 g, 57%) was obtained. 

1 H-NMR (DMSOd 6 ) 6: 1.10-1 .23(2H,m), 1.39(9H,s), 1.69-1.77(2H,m), 1.80(3H,s), 2.50(2H,s), 2.67-2.88(2H,m), 
3.80-3.90(1 H,m). 



Elementary analysis for C 10 H20 N 2O2 • CH 3 C0 2 H 


Calculated: 
Found: 


C, 53.16; 
C, 53.51; 


H, 9.37; 
H, 9.10; 


N, 10.33. 
N, 9.93. 



80 



EP1031 563 A1 



[Referential Example 129] 4-[(6-Chloronaprrthalen-2-yl)sufon 

[0426] In a similar manner to Referential Example 1 except for the use of 4-amino-1 -tert-butoxycarbonylpiperidine 
hydrochloride and 6-chloro-2-naphthylsulfonyi chloride as the raw materials, the title compound was obtained. 

1 H-NMR (DMSO-dg) 8: 1.47-1 .60(2H,m), 1.68-1 78(2H,m), 2.81-2.95(2H,m), 3. 10-3. 20(2 H.m), 3.29-3.40(1 H,m), 
7.70(1 H,dd,J=8.8,2.0Hz), 7.91(1H,dd.J=8.8.2.0Hz), 8.11-8.15(2H,m), 8.21(1H ( s), 8.31(1H,br s). 8.50(1H,s), 
8.55(1 H.brs). 

MS (FAB) m/z: 325 [(M+H) + , CI 35 ], 327 [(M+H) + , CI 37 ]. 

[Referential Example 130] 1-[(6-ChIoronaprrthalen-2-yl)sutfonyQ-4-[(6-cyanobenzofuran-2-yl)caito 

[0427] In a similar manner to Referential Example 12 except for the use of 6-cyanobenzofuran-2-carboxylic acid 
and 1-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as the raw materials, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 3.21 (4H,s), 3.95(4H,s), 7.32(1 H,d.J=1 .0Hz), 7.55(1 H ( dd,J=8.3 l 1.0Hz), 
7.59(1 H,dd,J=8.8.2.0Hz), 7.72(1 H,d,J=8.3Hz), 7.77(1 H,dd,J=8.8.2.0Hz), 7.81 (1H,s), 7.88-7.95(3H,m), 8.32(1 H,s). 
MS (FAB) m/z: 480 [(M+H) + , CI 35 ], 482 [(M+H+, CI 37 ]. 

[Referential Example 131] 1-[(6-Chloronapmhaten-2-yl)sulfonyO-4-[(5-cy^ 

[0428] In a similar manner to Referential Example 1 2 except for the use of 5-cyanobenzothiophen-2-carboxylic acid 
and 1-[(6-chloronaphthalen-2-yl)sulfonyt]piperazine hydrochloride as the raw materials, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 3.18(4H,s). 3.89(4H,s), 7.43(1 H,d,J=2.0Hz), 7.60(1 H ( d,J=8.8Hz), 7.73-7.80(2H,m), 7.85- 

7.95(4H ( m), 8.10(1H,s), 8.32(1 H,s). 

MS (FAB) m/z: 496 [(M+H) + , CI 35 ], 498 [(M+H) + , CI 37 ]. 

[Referential Example 132] Ethyl (IRS)-4-trifluoromethanesulfonyloxy-3-cyclohexenecarboxylate 

[0429] Diisopropylamine (0.99 ml) was dissolved in tetrahydrofuran (50 ml), followed by the dropwise addition of n- 
butyl lithium (a 1.59M hexane solution, 3.70 ml) at -78°C. After the dropwise addition of ethyl 4-axocyclohexanecarbox- 
ylate (1.00 g) dissolved in tetrahydrofuran (5 ml) to the reaction mixture and stirring for 15 minutes, N-phenyftrifluor- 
omethanesutfonimide (2.10 g) dissolved in tetrahydrofuran (5 ml) was added dropwise to the reaction mixture. The 
reaction mixture was heated to 0°C, stirred for one hour and then concentrated under reduced pressure. The residue 
was purified by chromatography on a neutral alumina column (hexane : ethyl acetate = 9: 1 ), whereby the title compound 
(838 mg, 47%) was obtained. 

1 H-NMR (CDCI3) 6: 1.27(3H,t.J=7.3Hz), 1.88-1. 99(1 Km), 2.10-2.18(1H,m), 2.38-2.50(4H,m), 2.55-2.64(1 H,m), 
4.16(2H,q,J=7.3Hz), 5.77(1 H.br s). 
MS (FAB) m/z: 303 (M+H) + . 

[Referential Example 133] Ethyl (1RS)-4-(4-pyridyl)-3-cyclohexenecarboxylate 

[0430] In a similar manner to Referential Example 7 except for the use of ethyl (1 RS)-4-trif luoromethanesulfony- 
loxy-3-cyclohexenecarboxylate as the raw material, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (CDCI3) 6: 1.28(3H,t,J=7.3Hz) l 1.80-1 .91 (1H,m), 2.19-2.25(1H t m), 2.40-2.57(4H.m), 2.59-2.67(1 H,m). 
4.17(2H,q,J=7.3Hz), 6.36(1H,brs), 7.26(2H,dd,J=4.9,1.5Hz), 8.53(2 H,dd,J=4.9,1.5Hz). 
MS (FAB) m/z: 232 (M+H) + . 

[Referential Example 134] (1 RS)-4-(4-Pyridyl)-3-cyclohexenecarboxylic acid 

[0431] In a similar manner to Referential Example 8 except for the use f ethyl (1 RS)-4-(4-pyridyl)-3-cyclohexen - 
carboxylate as the raw material, the title compound was obtained. 
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1 H-NMR (DMSOd 6 ) 6: 1.70-1. 82(1 H,m), 2.10-2.19(1 H,m), 2.42-2.65(5H,m) ( 6.99(1H,br s), 8.02(2H,d.J=6.8Hz), 

8.80(2H,d.J=6.8Hz). 

MS (FAB) m/z: 204 (M+H) + . 

5 [Referential Example 135] cis-, trans-4-(4-Pyridy0cyclohexanecarboxyfic acid 

[0432] In a similar manner to Referential Example 87 except for the use of (1 RS)-4-(4-pyridyl)-3-cyclohexenecar- 
boxylic acid as the raw material, the title compound was obtained. 

w MS (FAB) m/z: 206 (M+H) + . 

[Referential Example 136] 6-Methoxy-3,4-dihydroisoquinoline 

[0433] In tetrahydrofuran (100 ml), 3-methoxyphenethylamine (75.0 g) was dissolved, followed by the addition of 
is formic acid (60 ml) and acetic anhydride (108 ml) under ice cooling. The resulting mixture was stirred overnight at room 
temperature. A saturated aqueous solution of sodium bicarbonate was added to the reaction mixture. The organic lay- 
layer so separated was washed with saturated saline and dried over anhydrous sodium sulfate. The residue obtained 
by distilling off the solvent under reduced pressure was dissolved in benzene (200 ml), followed by the dropwise addi- 
tion of phosphorus oxychloride (140 ml) under ice cooling. After stirring at 70°C for 15 minutes, ice and then 2N hydro- 
20 chloric acid were added. The resulting mixture was stirred under ice cooling for one hour. The water layer was 
separated and neutralized with potassium carbonate. After extraction with dichloromethane, the extract was dried over 
anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was purified by 
chromatography on a silica gel column (dichloromethane - dichloromethane : methanol = 100:1), the title compound 
(13.5 g, 17%) was obtained. 

25 

1 H-IMMR (CDCI 3 ) 6: 2.72(2H,t,J=7.3Hz), 3.72(2H,t,J=7.3Hz), 3.83(3H,s), 6.68(1 H,d.J=2.4Hz), 
6.79(1 H,dd,J=8.3,2.4Hz), 7.22(1 H,d,J=8.3Hz), 8.25(1 H,s). 
MS (FAB) m/z: 162 (M+H) + . 

30 [Referential Example 137] 6-Methoxy-1 ,2,3,4-tetrahydroisoquinoline 

[0434] In methanol (100 ml), 6-methoxy-3,4-dihydroisoquinoline (10.4 g) was dissolved. After the addition of water 
( 1 0 ml) and then sodium borohydride (6. 1 0 g), the resulting mixture was stirred at room temperature for 1 5 minutes. The 
reaction mixture was concentrated under reduced pressure and the residue was dissolved in dichloromethane. The 
35 resulting solution was washed with water. The organic layer so separated was dried over anhydrous sodium sulfate. The 
solvent was then distilled off under reduced pressure. The residue was purified by chromatography on a silica gel col- 
umn (dichloromethane ~ dichloromethane : methanol = 100:15), whereby the title compound (7.95 g, 76%) was 
obtained. 

40 1 H-NMR (CDCI3) 6: 2.79(2H,t,J=5.9Hz), 3.12(2H,t,J=5.9Hz), 3.76(3H,s), 3.96(2H,s), 6.62(1 H,s). 
6.70(1 H,dd,J=8.3 ( 2.4Hz) t 6.92(1 H,d.J=8.3Hz). 
MS (FAB) m/z: 164 (M+H) + . 

[Referential Example 138] 6-Hydroxy-1 ,2,3,4-tetrahydroisoquinoline hydrochloride 

45 

[0435] In dimethylsuH ide (20 ml), 6-methoxy-1 ,2,3,4-tetrahydroisoquinoline (7.75 g) was dissolved, followed by the 
addition of aluminum chloride (19.0 g) under ice cooling. The resulting mixture was stirred at room temperature for 3 
hours. Dichloromethane and dilute hydrochloric acid were added to the reaction mixture. A saturated aqueous solution 
of sodium bicarbonate was added to the water layer so separated to make it weakly alkaline, followed by the extraction 
so with dichloromethane. After drying over anhydrous sodium sulfate, the solvent was then distilled off under reduced pres- 
sure. The residue was dissolved in saturated ethanol hydrochloride (100 ml) and the solvent was distilled off under 
reduced pressure. Ethyl acetate was added to the residue and the solid so precipitated was collected by filtration, 
whereby the title compound (7.91 g, 90%) was obtained. 

55 1 H-NMR (DMSO-ds) 6: 3.06(2H,t.J=5.9Hz), 3.43(2H,m), 4.25(2H,s), 6.76(1 H,d,J=2.0Hz), 
6.83(1H,dd,J=8.3,2.0Hz), 7.15(1H,d.J=8.3Hz), 9.71(3H,br s). 
MS (FAB) m/z: 150 (M+H) + . 
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[Referential Example 139] 2-tert-Butoxycarbonyl-64Tydroxy-1,2 l 3,4-tetrahydroisoquinoline 

[0436] In methanol (100 ml), 6-hydroxy-1,2,3,4-tetrahydroisoquinoiine hydrochloride (7.87 g) was dissolved, fol- 
lowed by the addition of triethylamine (4.67 ml) and di-tert-butyl dicarbonate (13.95 g). The resulting mixture was stirred 
at room temperature for 3 hours. To the residue obtained by concentrating the reaction mixture under reduced pressure, 
ethyl acetate was added. The resulting mixture was washed with 1 N hydrochloric acid and dried over anhydrous sodium 
sulfate. The solvent was then distilled off under reduced pressure. The residue was purified by chromatography on a 
silica gel column (hexane : ethyl acetate = 10:1 - 3:1), whereby the title compound (9.96 g, 94%) was obtained. 

1 H-NMR (CDCI3) 6: 1.49(9H,s), 2.75{2H,t 1 J=5.9H2), 3.61(2H,t ( J=5.9Hz), 4.48(2H,s), 6.25(1 H.br s). 
6.64(1 H,d,J=2.4Hz), 6.70(1H,br s), 6.93(1 H,d,J=7.8Hz). 

[Referential Example 140] 2-tert-BLrtoxycarbonyl-6-frrfluorometha 

[0437] In a similar manner to Referential Example 94 except for the use of 2-tert-butoxycarbonyl-6-hydroxy-1 ,2,3,4- 
tetrahydroisoquinoline as the raw material, the title compound was obtained. 

1 H-NMR (CDCI3) 5: 1.49(9H,s), 2.87(2H,t,J=5.9Hz), 3.66(2H,t,J=5.9Hz), 4.59(2H,s), 7.06(1 H.br s), 
7.08(1 H,d,J=8.3Hz), 7.17{1H,d,J«8.3Hz). 



Elementary analysis for C 15 H 18 F 3 N0 5 S 


Calculated: 


C. 47.24; 


H, 4.76; 


F, 14.94; 




N, 3.67; 


S. 8.41. 




Found: 


C, 47.34; 


H, 4.72; 


F, 15.25; 




N, 3.42; 


S, 8.65. 





[Referential Example 141] 2-tert-Butoxyrart)onyl-6HTiethoxycarbo^ 
[0438] In methanol (50 ml), 2-tert-txrtaxyrarborr/t-6-trifluo 

(1 .34 g) was dissolved, followed by the addition of triethylamine (0.73 ml), palladium (I I) acetate (40 mg) and 1 ,3-(diphe- 
nylphosphino)propane (145 mg). The resulting mixture was stirred overnight at 70°C under a carbon monoxide gas 
stream. After the reaction mixture was concentrated under reduced pressure, the residue was purified by chromatogra- 
phy on a silica gel column (hexane : ethyl acetate = 15:1), whereby the title compound (665 mg, 65%) was obtained. 

1 H-NMR (CDCI3) 6: 1.50(9H,s), 2.88(2H,m), 3.66(2H,br s), 3.91(3H,s), 4.62(2H,s), 7.17(1H,d,J=7.8Hz), 
7.83(1 H,s), 7.84(1 H,d,J=7.8Hz). 

[Referential Example 142] 1-[(2-tert-Butoxycarbonyl-1,2,3,4-tetrahydra 
len-2-yl)sulfonyl]piperazine 

[0439] !n a similar manner to Referential Example 48 except for the use of 2-tert-butoxycarbonyl-6-methaxycarbo- 
nyl-1 ,2,3,4-tetrahydroisoquinoline and 1-[(6-chIoronaphthalen-2-yl)sulfony0piperazine hydrochloride as the raw materi- 
als, the title compound was obtained. 

1 H-NMR (CDCI3) 5: 1.48(9H,s), 2.76(2H.t,J=5.4Hz), 3.09(4H,br), 3.60(2H,t,J=5.4Hz), 3.77(4H,br), 4.52(2H,s), 
7.12-7.25(3H,m), 7.59(1 H,dd,J=8.8,2.0Hz), 7.75(1 H,dd, J =8.8,2.0 Hz), 7.88-7.95(3H,m), 8.30(1H,s). 
MS (FAB) m/z: 570 [(M+H) + , CI 35 ], 572 [(M+H) + , CI 37 ]. 

[Referential Example 143] 4-(1-tert-Butaxyc^onyl-1,2,3,6-tetra acid 

[0440] In 1,2-dimethoxyethane (30 ml), 4-(14ert-butoxyc»rbonyl-4-trifluoramethanesutfonyloxy-1,2,3,6-tetra 
pyridine (3.59 g) was dissolved, followed by the addition of 4-carboxyphenylboric acid (3.60 g), lithium chloride (1 .38 g), 
tetrakistriphenytphosphine palladium (0.62 g) and an aqueous solution of sodium carbonate (2M, 16.3 ml). The resuft- 
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ing mixture was heated under reflux for 2 hours under an argon gas atmospher . T the reacti n mixture, 1 N hydrochlo- 
ric acid was added. The resulting mixture was extracted with ethyl acetate. Th extract was dried over anhydrous 
sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was purified by chromatogra- 
phy on a silica gel column (dichl romethane - dichloromethane : methanol = 100:1). The purified product was pulver- 
ized and washed in a mixed solvent of hexane and ethyl acetate (hexane : ethyl acetate = 5:1), whereby the title 
compound (462 mg, 14%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.50(9H,s), 2.56(2H,br s), 3.66(2H,m), 4.12(2H,br s), 6.190H,br s), 7.47(2 H,d,J=8.3Hz), 

8.07(2H,d.J=8.3Hz). 

MS (FAB) m/z: 304 (M+H) + . 

[Referential Example 144] 4-(1-tert-Butoxycarbonylpiperidin-4-yl)benzoic acid 

[0441 ] In a similar manner to Referential Example 87 except for the use of 4-(1 -tert-butoxycarbonyl-1 ,2,3,6-tetrahy- 
dropyridin-4-yl)benzoic acid as the raw material, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.48(9H,s), 1.60-1. 71 (2H,m), 1.80-1.89(2H,m), 2.69-2.90(3H,m), 4.20-4.35(2H,m), 
7.31 (2H,d,J=8.3Hz), 8.05(2H,d, J=8.3Hz). 
MS (FAB) m/z: 306 (M+H) + . 

[Referential Example 145] 1-[4-(1-tert-butoxyrarbonyl-1,2 ( 3^^ 
2-yl)sulfonyl]piperazine 

[0442] In a similar manner to Referential Example 1 2 except for the use of 4-(1 -tert-butoxycarbonyl-1 ,2,3,6-tetrahy- 
dropyridin-4-yObenzoic acid and 1 -[(6-chloronaphthalen-2-yl)sutfonyl]piperazine hydrochloride as the raw materials, the 
reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.49(9H,s), 2.48(2H,br s), 3.10(4H,br), 3.62(2H,t.J=5.9Hz), 3.70(4H,br), 4.08(2H,br s), 
6.05(1 H,brs), 7.25(2H,d,J=8.3Hz), 7.34(2H,d,J=8.3Hz), 7.59(1 H,dd ( J=8.8,2.0Hz), 7.75(1 H,dd,J=8.8,2.0Hz) f 7.90- 
7.96(3H,m), 8.30(1 H,s). 

MS (FAB) m/z: 596 [(M+H) + , CI 35 ], 598 [(M+H) + , CI 37 ]. 

[Referential Example 146] 1-[4-(1-tert-Butoxyrarbonylpiperidin-4^ 
erazine 

[0443] In a similar manner to Referential Example 12 except for the use of 4-(1-tert-butoxycarbonylpiperidin-4- 
yl)benzoic acid and 1-[(6-chloronaphthalen-2-yl)sulfonyrjpiperazine hydrochloride as the raw materials, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s), 1.49-1.63(2H t m), 1 .72-1 .80(2H,m), 2.59-2.68(1 H,m), 2.71-2.86(2H,m), 2,92- 
3.30(4H,m), 3.45-4.95(4H,m), 4.1 6-4.31 (2H,m), 7.18(2H,d,J=8.3Hz), 7.24(2H,d,J=8.3Hz), 
7.59(1 H ( dd,J=8.8,2.0Hz), 7.75(1 H,dd,J=8.8,2.0Hz), 7.90-7.94(3H,m), 8.30(1 H,s). 
MS (FAB) m/z: 598 [(M+H) + , CI 35 ], 600 [(M+H) + , CI 37 ]. 

[Referential Example 147] (3RS)-3-Amino-1-tert-butoxycarbonylpyrrolidine 

[0444] In methanol (30 ml), 3-aminopyrrolidine (0.54 g) was dissolved under ice cooling, followed by the addition of 
diisopropylethylamine (720 yd) and 2-(tert-butoxycarbonyloxyimino)-2-phenylacetonitrile (0.84 g). The resulting mixture 
was gradually heated to room temperature and stirred for 1 1 hours. The residue obtained by distilling off the solvent 
under reduced pressure was purified by chromatography on a silica gel column (dichloromethane ~ 5% methanol - 
dichloromethane), whereby the title compound (0.59 g, 94%) was obtained. 

1 H-NMR(CDCI 3 ) &: 1.45(9H,s), 2.00-2.30(2H.m), 3.10-4.00(5H,m). 

[Referential Example 148] (3RS)-1-tert-Butoxycarbonyl-3-[(6-^ 

[0445] In a similar manner to Referential Example 1 except for the use of (3RS)-3-amino-1 -tert-butoxycarbonylpyr- 
rolidine as the raw material, the title compound was obtained. 
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1 H-NMR (CDCI3) 5: 1.37(9H,s), 1.60-2.10(2H,m), 3.00-3.50(4H,m), 3.88(1H,br), 4.96(1H,br) t 7.50-7.60(1 H,m), 
7.80-7.90(4H,m), 8.43(1 H,s). 

MS (FAB) m/z: 411 [(M+H) + , a 35 ], 413 [(M+H) + , CI 37 ]. 
[Referential Example 149] (3RS)-1-tert-ButoxycartXDrryl-3-[4-(4-pyrW^^ 

[0446] In a similar manner to Referential Example 1 2 except for the use of (3RS)-3-amino-1 -tert-butoxycarbonylpyr- 
rolidine and 4-(4-pyridyl)benzoic acid as the raw materials, the title compound was obtained. 

1 H-NMR (CDCI3) 6: 1.48(9H,s), 1.90-2.1 0(1 H,m), 2.20-2.30(1 H,m), 3.30-3,40(1 H,m), 3.40-3.60(2H,m), 3.70- 

3.80(1 H.m), 4.65-4.75(1 H,m), 6.25-6.35(1 H,m), 7.52(2H,d,J=5.9Hz), 7.71(2H ( d,J=8.3Hz), 7.88(2H,d f J=8.3Hz), 

8.70(2H,d.J=5.4Hz). 

MS (FAB) m/z: 368 (M+H) + . 

[Referential Example 150] 6-Chloro-N-methoxy-N-methyl nicotinamide 

[0447] Under ice cooling, 6-chloronicotinic acid (5.00 g) was suspended in dichloromethane (150 ml), followed by 
the addition of a catalytic amount of N,N-dimethyrformamide and oxalyl chloride (5.30 ml). The resulting mixture was 
stirred at room temperature for 23 hours. The residue obtained by concentrating the reaction mixture was dissolved in 
dichloromethane (100 ml), followed by the addition of N.O-dimethylhydroxylamine hydrochloride (6.18 g) and triethyl- 
amine (13.3 ml) under ice cooling. After stirring at room temperature for 6 hours, the reaction mixture was diluted with 
dichloromethane (150 ml), washed with a saturated aqueous solution of sodium bicarbonate, water and saturated 
saline and then dried over anhydrous magnesium sulfate. The residue obtained by distilling off the solvent under 
reduced pressure was purified by chromatography on a silica gel column (hexane : ethyl acetate = 2:1), whereby the 
title compound (6.08 g, 96%) was obtained. 

1 H-NMR (CDCI 3 ) 8: 3.39(3H,s), 3.56(3H,s), 7.39(1 H,d,J=8.3Hz), 8.03(1 H,dd,J=8.3,2.4Hz), 8.78(1 H,d.J=2.4Hz). 

[Referential Example 151] 6-Chloronicotinaldehyde 

[0448] In tetrahydrofuran (8 ml), 6-chloro-N-methoxy-N-methylnicotinamide (500 mg) was dissolved, followed by 
the dropwise addition of diisobutylaluminum hydride (a 0.95M hexane solution, 2.88 ml) at -78°C in an argon gas atmos- 
phere. The resulting mixture was stirred for 3 hours and then, at room temperature, for 2 hours. After the reaction mix- 
ture was cooled to -20°C, saturated saline (2 ml) was added thereto, followed by stirring for 30 minutes. The insoluble 
matter was filtered off. The residue was washed with ethyl acetate. The filtrate and the washing were combined 
together. The mixture was washed with saturated saline and dried over anhydrous sodium sulfate. The solvent was then 
distilled off under reduced pressure, whereby the title compound (346 mg, 98%) was obtained as a crude product. The 
product was provided for the subsequent reaction without purification. 

1 H-NMR (CDCI 3 ) 5: 7.52(1 H,d, J =8.3 Hz), 8.14(1H,dd,J=8.3,2.2Hz), 8.87(1 H,d,J=2.2Hz), 10.10(1H,s). 

[Referential Example 152] 1-tert-Butoxycarbonyl-4-methanesulfonylpiperazine 

[0449] In dichloromethane (40 ml), N-tert-butoxycarbonylpiperazine (2.00 g) was dissolved, followed by the addition 
of triethylamine (1.78 ml). To the resulting solution, methanesutfonyl chloride (0.91 ml) was added dropwise under ice 
cooling. After stirring for one hour under ice cooling, the reaction mixture was diluted with dichloromethane (20 ml), 
washed with a 5% aqueous citric acid solution, water and saturated saline and dried over anhydrous magnesium sul- 
fate. The residue obtained by distilling off the solvent under reduced pressure was recrystallized from a mixed solvent 
of ethyl acetate and hexane, whereby the title compound (2.58 g, 91%) was obtained. 

1 H-NMR (CDCI3) 6: 1.47(9H,s), 2.79(3H,s), 3.19(4H,t.J=5.1Hz), 3.55(4H,t,J=5.1Hz). 

[Referential Example 153] 1-tert-Butoxycarbonyl-4-[[(2RS)-2-(6-cW 

[0450] In tetrahydrofuran (8 ml), 1-tert-butoxycarbonyl-4-methanesulfonylpiperazine (838 mg) was dissolved, fol- 
lowed by the addition of tert-butyl lithium (a 1.7M pentane solution, 1.72 ml) at -78°C in an argon gas atmosphere. The 
resulting mixture was stirred for 2 hours. After th dropwise addition f a solution of 6-chloronicotinaldehyde (346 mg) 
in tetrahydrofuran (tetrahydrofuran: 4 ml) and stirring at -78°C for 3 hours, the reaction mixture was added with isopro- 
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panol (1 ml). The resulting mixture was heated to room temperature and diluted with ethyl acetate. The diluted solution 
was washed with water and saturated saline and dried over anhydrous sodium sulfate. The residue obtained by distilling 
off the solvent under reduced pressure was recrystallized from ethyl acetate, whereby the title compound (532 mg, 
54%) was btained. 

1 H-NMR (CDCy 6: 1.46(9H,s), 3.11(1H,dd,J=14.1,2.2Hz), 3.21(1 H,dd,J=14.1 ,9.8Hz), 3.23-3.33(4H,m), 3.52- 
3.57(4H,m), 3.70(1 H,br s). 5.37(1H,br) t 7.36(1 H ( d.J=8.3Hz), 7.72(1 H,dd,J=8.3,2.4Hz), 8.41(1H,d,J=2.4Hz). 
MS (FAB)m/z:405 (M+H) + . 

[Referential Example 154] 1-tert-Butoxycait>or»yI-4-[[(E)-2-(6-chloropyridin-3-yl)ethyfJsu 

[0451] In dichloromethane (10 ml), 1-tert-butoxycarbonyl-4-[[(2RS)-2-(6<M 

nyl]piperazine (465 mg) was dissolved, followed by the addition of N-methylmorpholine (0.152 ml) and N,N-dimethy1-4- 
aminopyrtdine (14.1 mg). Under an argon atmosphere, p-toluenesulfonyl chloride (263 mg) was added under ice cool- 
ing. After stirring at room temperature for 2 hours, N,N-dimethyl-4-aminopyridine (141 mg) was added further and the 
resulting mixture was stirred at room temperature for 3 hours. After dilution with dichloromethane (20 ml), the reaction 
mixture was washed with a saturated aqueous solution of sodium bicarbonate, water and saturated saline and then 
dried over anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was puri- 
fied by chromatography on a silica gel column (dichloromethane : methanol = 100:1), whereby the title compound (414 
mg, 93%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.45(9H,s), 3.19(4H,br), 3.55(4H,br), 6.73(1 H,d,J=15.6Hz), 7.40(1 H,d.J=8.3Hz), 
7.43(1 H,d,J=1 5.6Hz), 7.76(1 H,dd,J=8.3,2.5Hz), 8.50(1 H,d,J=2.5Hz). 



Elementary analysis for C 16 H22CIN 3 0 3 S 


Calculated: 


C. 49.54; 


H, 5.72; 


N, 10.83; 




CI, 9.14; 


S.8.27. 




Found: 


C. 49.54; 


H, 5.73; 


N, 10.63; 




CI, 9.44; 


S.8.15. 





[Referential Example 155] 1-(4-Brc™o-2-methylbenzoyO^-[(6-chto 

[0452] In a similar manner to Referential Example 1 2 except for the use of 4-bromo-2-methylbenzoic acid and 1 -[(6- 
chloronaphthalen-2-yl)suffonyl]piperazine hydrochloride as the raw materials, the reaction was conducted, whereby the 
title compound was obtained. 

1 H-NMR (CDCI3) 6: 2.13(3H,s), 2.80-4. 10(8H,m), 6.89(1 H,d,J=8.3Hz), 7.30(1 H,dd,J=8.3,2.0Hz). 
7.35(1 H,d,J=2.0Hz), 7.60(1 H,dd,J=8.8,2.0Hz), 7.74(1 H,dd,J=8.8,2.0Hz), 7.90-7.95(3H,m), 8.30(1H,br s). 
MS (FAB) m/z: 507 [(M+H)\ Br 79 ], 509 [(M+H) + ( Br 81 ]. 

[Referential Example 156] 3-Methyl-4-(4-pyridyl)benzoic acid hydrochloride 

[0453] In a similar manner to Referential Example 6 except for the use of 4-bromo-3-methylbenzoic acid as the raw 
material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO<l 6 ) 5: 2.36(3H,s), 7.50(1 H,d.J=7.8Hz), 7.92(1 H,d,J=7.8Hz), 7.97(1H.s), 8.08(2H l d,J=6.4Hz), 

8.99(2H,d,J=6.4Hz). 

MS (FAB)m/z:214(M+H) + . 

[Referential Example 157] 4-(2-Methyl-4-pyridyl)benzoic acid hydrochloride 

[0454] In a similar manner to Referential Example 2 except for the use of 4-brom -2-methylpyridine as the raw 
material, the reaction was conducted, whereby the title compound was obtained. 
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1 H-NMR (DMSO-d 6 ) 5: 2.81(3H,s), 8.10-8.16(4H,m), 8.23(1 H,dd,J=6.4,1.5Hz), 8.36(1 H,d,J=1.5Hz), 

8.85(1 H,d,J=6.4Hz). 

MS (FAB)m/z:214(M+H) + . 

s [Referential Example 158] 1,4-Dibenzyl-2wriethQxycait)onylmethylpiperazine 

[0455] In toluene (250 ml), N.N'-dibenzylethyienediamine (1 2 ml) and triethytamine (12 ml) were dissolved, followed 
by the dropwise addition of methyl 3-bromocrotonate (7.0 ml) under ice cooling. The resulting mixture was stirred at 
room temperature for 24 hours. After the addition of triethylamine (2.0 ml), the resulting mixture was stirred at room tern- 

10 perature for 71 hours. The insoluble matter was filtered off and the filtrate was distilled under reduced pressure. The 
residue was added with 10% hydrochloric acid (300 ml) and crystals so precipitated were removed by filtration. Ethyl 
acetate was added to the filtrate. Potassium carbonate was added to the water layer so separated to make it alkaline. 
Ethyl acetate was added to the resulting mixture. The organic layer so separated was washed with saturated saline and 
dried over anhydrous potassium carbonate. The solvent was then distilled off under reduced pressure. The residue was 

is purified by chromatography on a silica gel column (hexane : ethyl acetate = 4:1), whereby the title compound (1 .07 g, 
62%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 2.30-2. 70(8H,m), 3.11(1H ( br s). 3.40-3.80(4H,m), 3.60(3H,s). 7.20-7.40(1 0H,m). 
MS (FAB) m/z: 339 (M+H) + . 

20 

[Referential Example 159] 1-[(6-Chloronaphthalen-2-yl)suHonyl]-3-methoxycarbonylmethylpiperazine 

[0456] In acetic acid (40 ml), 1 ,4-dibenzyl-2-methoxycarbonylmethylpiperazine (2.04 g) was dissolved, followed by 
the addition of 10% palladium carbon (water content: about 50%, 2.00 g). The resulting mixture was subjected to cata- 

25 lytic reduction at room temperature for 4 hours under 4 atmospheric pressure. After removal of the catalyst by filtration, 
the residue obtained by distilling the filtrate under reduced pressure was added with dichloromethane and a saturated 
aqueous solution of sodium bicarbonate. The insoluble matter so precipitated was filtered off. The organic layer so sep- 
arated was washed with saturated saline and dried over anhydrous sodium sulfate. The solvent was then distilled off 
under reduced pressure. The residue was dissolved in dichloromethane (30 ml), followed by the addition of 6-chloro-2- 

30 naphthylsulfonyl chloride (782 mg). The resulting mixture was stirred at 0°C for 2 hours. To the reaction mixture, triethyl- 
amine (410 fil) was added, followed by stirring at 0°C for further three hours. The residue obtained by distilling off the 
solvent under reduced pressure was purified by chromatography on a silica gel column (dichloromethane - 3% meth- 
anol - dichloromethane), whereby the title compound (759 mg, 33%) was obtained. 

35 1 H-NMR (CDCI3) 6: 1.71(1H,br s), 2.15-2.55(4H,m), 2.90-3.05(2H,m), 3.15-3.25(1 H,m), 3.60-3.70(5H,m), 7.55- 
7.60(1 H,m), 7.75-7.80(1 H,m), 7.85-7.95(3H,m), 8.30(1 H,s). 
MS (FAB) m/z: 383 [(M+H) + , CI 35 ], 385 [(M+H) + , CI 37 ]. 

[Referential Example 160] 4-tert-ButoxycarbonyI-1-[(3-chloro-1-propyl)sulfonyl]piperazine 

40 

[0457] Under an argon gas atmosphere, 1 -tert-butoxycarbonylpiperazine (3.00 g) and triethylamine (2.24 ml) were 
dissolved in dichloromethane (40 ml) under ice cooling, followed by the addition of 3-chloro-1-propanesulfonic acid 
chloride (1.96 g). The resulting mixture was stirred for 20 minutes under ice cooling and then, at room temperature for 
10 minutes. The reaction mixture was diluted with dichloromethane, washed with water and saturated saline and then 
45 dried over anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure. The residue was 
recrystallized from a mixed solvent of ethyl acetate and hexane, whereby the title compound (4.36 g, 83%) was 
obtained. 

1 H-NMR (CDCI3) 5: 1.41(9H,s), 2.27-2.33(2H,m), 3.08(2H,t,J=7.3Hz), 3.26(4H,t,J=4.9Hz), 3.53(4H,t.J=4.9Hz), 
so 3.69(2H,t,J=6.1Hz). 

MS (FAB) m/z: 327 (M+H) + 
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Elementary analysis for C^^Cll^C^S 


Calculated: 


C, 44.10; 


H, 7.09, 


CI, 10.85; 




N, 8.57; 


S. 9.81. 




Found: 


C, 44.18; 


H, 7.11; 


CI, 10.69; 




N, 8.23; 


S, 9.76. 





[Referential Example 161] 4-tert-Butoxycarbonyl-1-[(3-hydroxy-1-propyl)suffonyl]piperazine 

is [0458] In N,N-dimethytformamide (10 ml), 4-tert-butoxyrarbonyl-1 -[@^ (1.18 g) 

was dissolved, followed by the addition of potassium acetate (1 .06 g). After stirring at room temperature for 2 hours, the 
reaction mixture was stirred under heat at 100°C for 3 hours. The reaction mixture was diluted with ethyl acetate, fol- 
lowed by the addition of water and a saturated aqueous solution of sodium bicarbonate. After stirring, the organic layer 
so separated was washed with a 5% aqueous citric acid solution, water and saturated saline. After drying over anhy- 

20 drous sodium sulfate, the residue obtained by distilling off the solvent under reduced pressure was dissolved in tetrahy- 
drofuran (20 ml). To the resulting solution, water and lithium hydroxide monohydrate (221 mg) were added, followed by 
stirring at room temperature for 1 8 hours. Ethyl acetate and saturated saline were added to the reaction mixture to sep- 
arated an organic layer. From the water layer, another organic layer was extracted with ethyl acetate. The organic layers 
were combined together, washed with saturated saline and dried over anhydrous sodium sulfate. The solvent was then 

25 distilled off under reduced pressure. The residue was recrystallized from a mixed solvent of ethyl acetate an hexane, 
whereby the title compound (944 mg, 84%) was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.47(9H,s). 2.04-2.1 1(2H,m), 3.06(2H,t,J=7.6Hz), 3.25(4H,t,J=4.9Hz), 3.53(4H,t.J-4.9Hz), 
3.80(2H,q,J=5.4Hz). 
30 MS (FAB) m/z: 309 (M+H) + . 



Elementary analysis for C 12 R24N 2 0 5 S 


Calculated: 
Found: 


C, 46.74; 
C, 46.80; 


H, 7.84; 
H, 7.92; 


N, 9.08; 
N, 9.05; 


S, 10.40. 
S, 10.59. 



40 [Referential Example 162] 4-tert-Butoxycarbonyl-1-[(3-methoxymethyloxy-1-propy0sulfonyl]piperazine 

[0459] In dichloromethane (60 ml), 4-tert*utoxycaitK)nyl-1-[(3-hydroxy-1-propyl)sulfony0piperazine (3.00 g) was 
dissolved. To the resulting solution, diisopropylethyl amine (2.72 ml) was added, followed by the addition of methoxyme- 
thyl chloride (1.11 ml) under ice cooling. After stirring at room temperature for 20 hours, the reaction mixture was diluted 
45 with dichloromethane, washed with water, a 5% aqueous citric acid solution and saturated saline and then dried over 
anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure. The residue was purified by chro- 
matography on a silica gel column (hexane : ethyl acetate = 2:1), whereby the title compound (3.32 g, 97%) was 
obtained. 

so 1 H-NMR (CDCy 5: 1.47(9H,s), 2.06-2. 13(2H,m), 3.03(2H.m), 3.25(4H,t,J=4.9Hz), 3.36(3H,s), 3.52(4H,t,J=4.9Hz), 
3.63(2H,t,J=5.4Hz), 4.61 (2H,s). 
MS (FAB) m/z: 353 (M+H) + . 



55 



Elementary analysis for C 14 H2bN 2 0 6 S 


Calculated: 


C, 47.71; 


H, 8.01; 


N, 7.95; 


S, 9.10. 
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(continued) 



Elementary analysis for C 14 H 28 N20 6 S 


Found: 


C, 47.77; 


H, 8.18; 


N, 7.97; 


S, 9.16. 



[Referential Example 163] 4-tert-Birtoxycarbonyl-H(E)-4<hlo^ 
zine and 4-tert-buto^carbonyl-1-[(Z)^^loro^^ 

[0460] Under an argon gas atmosphere, 4-tert-butoxycarbonyl-1 -[3-methoxymethyloxy-1 -propyl)sulfonyl]pipera- 
zine (800 mg) was dissolved in tetrahydrofuran (10 ml), followed by the dropwise addition of tert-butyl lithium (a 1 .7M 
hexane solution, 1 .47 ml) at -78°C. The resulting mixture was stirred at -78°C for one hour. After the addition of trimeth- 
ylsilyl chloride (0.317 ml) and stirring at -78°C for 90 minutes, tert-butyl lithium (a 1.7M hexane solution, 1.47 ml) was 
added dropwise to the reaction mixture and stirring was effected at -78°C for 90 minutes. At -78°C, a solution of p-chlo- 
robenzatdehyde (352 mg) in tetrahydrofuran (tetrahydrofuran: 8 ml) was added dropwise to the reaction mixture. After 
stirring for 2 hours, the temperature of the reaction mixture was allowed to rise back to room temperature over 1 5 hours, 
at which temperature it was stirred for 6 hours. Under ice cooling, a 5% citric acid solution (20 ml) and ethyl acetate (1 50 
ml) were added to the reaction mixture. The organic layer so separated was washed with water and saturated saline 
and then dried over anhydrous magnesium sulfate. The residue obtained by distilling off the solvent under reduced 
pressure was purified by chromatography on a silica gel column (hexane : ethyl acetate = 3:1 - 2:1), whereby the title 
compound was obtained as an E-form (307 mg, 28%) and Z-form (751 mg, 70%). 

Eform: 

[0461] 

1 H-NMR (CDCI 3 ) 6: 1.42(9H,s), 2.87(2H,t,J=7.3Hz) t 3.21-3.28(4H,m), 3.35(3H,s), 3.46-3.56(4H,m), 
3.80(2H,t,J=7.3Hz), 4.60(2H,s), 7.40(2H,d,J=8.5Hz), 7.46(2 H,d,J=8.5Hz), 7.54(1 H,s). 

Z-form: 

[0462] 

1 H-NMR (CDCI3) 6: 1.43(9H,s), 2.77(2H,dt,J=6.4,1.0Hz), 2.91-2.98(4H,m), 3.19-3.25(4H,m), 3.38(3H,s), 
3.82(2H,t,J=6.4Hz) t 4.66(2H,s), 7.07(1 H,s), 7.32(2H,d,J:=8.6Hz), 7.35(2H t d,J=8.6Hz). 

[Example 1] 1-[(6-Chloronaphthalen-2-yl)sulfony^ hydrochloride 

[0463] At room temperature, 1 -[4-(4-pyridyl)benzoyl]piperazine ditrif luoroacetate (1.19 g) was suspended in dichlo- 
romethane (100 ml), followed by the addition of diisopropylethylamine (1 .68 ml) and 6-chloro-2-naphthylsulfonyl chlo- 
ride (691 mg). After stirring at room temperature for 2 hours, the reaction mixture was purified by chromatography on a 
silica gel column (2% methanol - dichloromethane). To the resulting fraction, ethanolic 1 N hydrochloric acid was added 
to make it weakly acidic. The solvent was then distilled off. The resulting colorless solid was washed with tetrahydro- 
furan, whereby the title compound (1.05 g, 81%) was obtained as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 2.95-3.25(4H,m), 3.43(2H,br s), 3.60(2H,br s). 7. 56(2 H,d. J =8.3 Hz), 
7.74(1 H,dd,J=8.8,2.5Hz), 7.83(1 H,dd,J=8.8,2.0Hz), 8.01(2H,d,J=a3Hz), 8.19(1H,d.J=8.8Hz), 8.25-8.40(4H,m), 
8.51 (1H.S). 8.94(2H,d.J=6.8Hz). 
MS (FAB) m/z: 492 [(M+H) + , CI 35 ], 494 [(M+H) + , CI 37 ]. 



Elementary analysis for 




C26H22N3O3CIS • HCI • O.5H2O 


Calculated: 


C. 58.10; 


H, 4.50; 


N, 7.82; 




CI, 13.19; 


S, 5.97. 
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(continued) 



Elementary analysis for 
C^gH^NaOaCIS • HQ • 0.5H 2 O 



Found: 


C. 58.12; 


H, 4.67; 


N, 7.66; 




Q. 13.12; 


S, 6.10. 





[Example 2] 4-[(6-ChloronaphthaJen-2-yf)sulfony^ hydrochloride 

[0464] In dichloromethane (30 ml). 44ert4)utcocyc»rboriyl-2-ethcocycartx)nyl-1 -[4-(4-pyridyl)benzoyl]piperazine (514 
mg) was dissolved, followed by the addition of trrf luoroacetic acid (30 ml) under ice cooling. After stirring at room tem- 
perature for 45 minutes, the residue obtained by distilling off the solvent was suspended in dichloromethane (100 ml) 
under ice cooling, followed by the addition of diisopropylethylamine (1 .02 ml) and 6-chloro-2-naphthylsulfonyl chloride 
(366 mg). After stirring at room temperature for one hour, the reaction mixture was purified as was by chromatography 
on a silica gel column (1% methanol - dichloromethane). To the resulting fraction, ethanolic 1N hydrochloric acid was 
added to make it weakly acidic. The solvent was then distilled off. The resulting colorless solid was washed with ethanol, 
whereby the title compound (308 mg, 43%) was obtained as a colorless solid. 

1 H-NMR (DMSO<J 6 ) 5: 1.15-1.30(3H,m), 2.60-5.40(9H,m), 7.50(2/3H,d,J=8.3Hz), 7.57(4/3H,d,J=7.8Hz), 
7.74(1 H ( dd,J=9.0,1. 7Hz), 7.83(1 H,d,J=8.8Hz), 8.00(2/3H,d,J=7.8Hz), 8.04(4/3H,d,J=8.3Hz), 8.19(1H,d.J=8.8Hz), 
8.25-8.35(4H,m), 8.55(1 H,s). 8.92(2H,d.J=4.9Hz). 
MS (FAB) m/z: 564 [(M+H) + , CI 35 ], 566 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C29H26N3O5CIS • HCI • 0.5H 2 O 


Calculated: 


C, 57.15; 


H, 4.63; 


N, 6.89; 




CI, 11.63; 


S, 5.26. 




Found: 


C, 56.95; 


H, 4.68; 


N, 6.70; 




CI, 11.36; 


S, 5.30. 





[Example 3] 

4-[(6-Chloronaphthalen-2-yl)sulfonyl]- 1 -[4-(pyridin-4-y0benzoynpipei^ine-2-carboxylic acid hydrochloride 

[0465] In a mixed solvent of ethanol (1 ml), tetrahydrofuran (1 ml) and water (1 ml), 4-[(6-chloronaphthalen-2-yf)sul- 
fonyl]-2-ethoxycarbonyl-1-[4-(pyridin-4-yl)benzoyl]piperazine hydrochloride (152 mg) obtained in Example 2 was dis- 
solved under ice cooling, followed by the dropwise addition of a 1 N aqueous solution of sodium hydroxide. The reaction 
mixture was stirred at room temperature for 90 minutes. After concentration under reduced pressure, 1N hydrochloric 
acid was added to the reaction mixture to make it weakly acidic. The colorless solid so precipitated was collected by 
filtration, followed by drying, whereby the title compound (62 mg, 42%) was obtained as a colorless solid. 

1 H-NMR (DMSOde) 6: 2.65-5.30(7H,m), 7.49(4/5H,d,J=7.7Hz), 7.56(6/5H,d.J=8.3Hz), 7.74(1 H l dd,J=8.8,2.0Hz), 
7.82(1 H,d,J=8.3Hz), 7.95-8.05(2H,m), 8.19(1H,d.J=8.3Hz), 8.20-8.35(4H 1 m), 8.53(1H,s), 8.92(2H,d,J=5.4Hz). 
MS (FAB) m/z: 536 [(M+H) + , CI 35 ]. 538 [(M+H)\ CI 37 ]. 
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Elementary analysis for 
C27H22N3O5CIS • 0.9HCI • 1 .2H 2 0 


Calculated: 


C, 54.92; 


H, 4.32; 


N, 7.12; 




CI. 11.41; 


S, 5.43. 




Found: 


C. 54.94; 


H, 4.42; 


N, 6.83; 




CI, 11.31; 


S, 5.33. 





[Example 4] 

1-[(6-Chloronaphthalen-2-yl)sulfonylh^ hydrochloride 

[0466] In dichloromethane (10 ml), 6-(4-pyridyl)nicotinic acid hydrochloride (96 mg) and 1-[(6-chloronaphthalen-2- 
yl)sulfonyl]piperazine trrfluoroacetate (150 mg) were suspended, followed by the addition of 1 -hydroxybenzotriazole (48 - 
mg) and N-methylmorpholine (155 p.!)- After the addition of 1-(3<iimethylaminopropy0-3-ethylcarbodiimide hydrochlo- 
ride (102 mg) under ice cooling, the resulting mixture was stirred at room temperature for 16 hours. Owing to the slow 
reaction, N,N-dimethylformamide (10 ml) was added to the reaction mixture and the resulting mixture was stirred for 3 
days. After completion of the reaction, the solvent was distilled off. The residue was purified by chromatography on a 
silica gel column (1% methanol - dichloromethane). The solvent was then distilled off. To the residue, tetrahydrofuran 
and ethanolic 1N hydrochloric acid were added and the solid so precipitated was collected by filtration and dried, 
whereby the title compound (105 mg, 55%) was obtained as a colorless solid. 

1 H-NMR (DMSO-de) 6: 3.00-3.25(4H,m), 3.46(2H,br s), 3.76(2H,br s), 7.74(1 H,dd,J=8.5,1. 7Hz), 
7.83(1 H,d,J=8.8Hz), 8.07(1 H,dd,J=7.8,1.5Hz), 8.19(1H,d,J=8.8Hz), 8.28(1H,s), 8.29(1 Kd.J-8.8Hz), 
8.42(1 H ( d,J=8.3Hz), 8.51 (1H,s), 8.65(2H,d,J=6.4Hz), 8.80(1 H,m), 9.01(2H,d,J=5.9Hz). 
MS (FAB) m/z: 493 [(M+H) + , CI 1 * 5 ], 495 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 2 5H2iN 4 03CIS-HCI*H20 


Calculated: 


C. 54.85; 


H, 4.42; 


N, 10.23; 




CI, 12.95; 


S, 5.86. 




Found: 


C, 54.57; 


H, 4.51; 


N, 10.06; 




CI, 13.08; 


S. 5.87. 





[Example 5] 1-[(6-Chloronaphthalen-2-yl)sulfonyO^-[4-(pyridirv3-yl)beruoyqpiperazine hydrochloride 

[0467] In a similar manner to Example 4 except for the use of 4-(3-pyridyl)benzoic acid hydrochloride and 1-[(6- 
chloronaphthalen-2-yl)suffony0piperazine trrfluoroacetate as the raw materials, the reaction was conducted, whereby 
the title compound was obtained as a colorless solid. 

1 H-NMR (DMSO-d 6 ) 6: 3.00-3. 25(4H,m), 3.47(2H,br s). 3.73(2H,br s) f 7.51(2H.d.J=8.3Hz), 

7.73(1 H,dd,J=8.8,2.0Hz), 7.8-7.9(3H,m). 7.92(1 H.dd,J=7.8,5.4Hz), 8.1 9(1 H,d,J=8.8Hz), 8.25-8.30 (2H,m), 
8.50(1H,s), 8.55-8.65(1 H f m), 8.75-8.85(1 H,m), 9.1 4(1 H,d,J=2.0 Hz). 
MS (FAB) m/z: 492 [(M+H) + , CI 35 ], 494 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
CaeH^NaOgQS • 0.85HCI • H 2 0 



Calculated: 


C, 57.72; 


H, 4.63; 


N, 7.77; 




CI, 12.12; 


S. 5.93. 




Found: 


C, 57.44; 


H, 4.62; 


N, 7.68; 




a, 11.99; 


S, 5.83. 





[Example 6] 4-[4-[[4-[(6-Chloronaphthalen-2-^ N-oxide 

[0468] In dichloromethane (10 ml). 1-[(6<hloronaphthalen-2-yl)sulfony0-4-[4-(pyridin-4-yl)benzoyl]piperazine (300 
mg) obtained in Example 1 was dissolved, followed by the addition of 3-chloroperbenzoic acid (382 g) at -20°C. The 
resulting mixture was stirred at -20°C for 21 hours. An aqueous solution of sodium sulfite was added to decompose an 
excess peroxide. Dichloromethane and a saturated aqueous solution of sodium bicarbonate were added to separate an 
organic layer. After drying the organic layer over anhydrous magnesium sulfate, the residue obtained by distilling off the 
solvent was purified by chromatography on a silica gel column (2-5% methanol - dichloromethane). After the solvent 
was distilled off, ether was added to the residue to solidify it, followed by collection through filtration, whereby the title 
compound (200 mg, 63%) was obtained as a colorless solid. 

1 H-NMR (CDCI 3 ) 6: 2.90-3.40(4H,m), 3.40-4.20(4H,m), 7.43(2H,d,J=8.3Hz), 7.47(2H,d,J=7.3Hz), 7.55- 
7.65(3H,m), 7.76(1 H.dd, J =8.8, 1.5Hz), 7.90-8.00(3H,m), 8.26(2H,d,J=7.3Hz), 8.31(1H,s). 
MS (FAB) m/z: 508 [(M+H) + , CI 35 ], 510 [(M+H) + , CI 37 ]. 



Elementary analysis for 

C26H22N304CIS-08H 2 0 



Calculated: 


C, 59.78; 


H, 4.55; 


N, 8.04; 




CI, 6.79; 


S, 6.14. 




Found: 


C, 59.82; 


H, 4.45; 


N, 7.94; 




Cl t 6.85; 


S, 6.29. 





[Example 7] 1-[4-(2-Aminopyridin-5-yl)benzoyl]-4-[(6<hloronaphthalen-2-yl)suHbnyl]piperazine hydrochloride 

[0469] In a mixed solvent of dichloromethane (1 ml) and ethanol (1 ml), 1 -[4-[2-tert-butoxycarbonylamino)pyridin-5- 
yl)benzoyl]-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine (128 mg) was dissolved, followed by the addition of a satu- 
rated ethanol hydrochloride solution (10 ml) under ice cooling. After stirring at room temperature for 1 minute, the sol- 
vent was distilled off. Isopropanol was added to the residue for crystallization. The crystals so obtained were collected 
by filtration and dried, whereby the title compound (88 mg, 68%) was obtained as a colorless solid. 

1 H-NMR (DMSOd 6 ) 6: 3.00-3.20(4H,m), 3.30-3.90(4H,m), 7.05(1/2H,d,J=8.8Hz), 7.06(1 /2H,d.J=8.8Hz), 
7.43(2H,d,J=8.3Hz), 7.67(2 H,d,J=8.3Hz), 7.73(1 H,d,J=8.3Hz), 7.82(1 H ) d,J=8.8Hz), 7.90-8.10(2H,br), 
8.18(1H,d,J=8.3Hz), 8.25-8.35(4H,m), 8.50(1 H,s). 
MS (FAB) m/z: 507 [(M+H) + , CI 35 ], 509 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C^H^CIN^S • HCI • 1 .2H 2 0 • 0.8iPrOH 


Calculated: 


C, 55.56; 


H, 5.52; 


N, 9.13; 




CI, 11.55; 


S, 5.22. 




Found: 


C. 55.40; 


H, 5.24; 


N. 8.85; 




CI, 11.79; 


S, 5.50. 





[Example 8] 1-[4-(4-Aminophenyl)benzoyl]-4-[(6K;hloronaphtt^ hydrochloride 

[0470] In a similar manner to Example 7 except for the use of 1 -[4-[4-(tert-butoxy<»rbonylamino)phenyrjbenzoyl]-4- 
[(6-chloronaphthalen-2-yl)sulfonyf]piperazine as the raw material, the reaction was conducted, whereby the title com- 
pound was obtained as a colorless solid. 

1 H-NMR (DMSOdg) 5: 2.90-3.20(4H,m), 3.25-3.80(4H,m), 6.68{2H,d,J=8.3Hz), 7.32(2H,d,J=8.3Hz), 
7.39(2H,d,J=8.3Hz), 7.54(2H,d,J=8.3Hz) p 7.73(1 H.dd, J=8.8,2.0Hz), 7.82(1 H,dd.J=8.8 1 2.0Hz), 

8.18(1H,dd.J=8.8Hz), 8.25-8.40(2H,m), 8.50(1 H.br s). 
MS (FAB) m/z: 506 [(M+H) + , CI 35 ], 508 [(M+H)+, CI 37 ]. 



Elementary analysis for 
C27H 2 4CIN 3 O3S-0.2HCI 


Calculated: 


C, 63.18; 


H, 4.75; 


N, 8.19; 




CI, 8.29; 


S, 6.25. 




Found: 


C, 62.93; 


H, 4.93; 


N, 7.91; 




CI, 7.99; 


S, 6.36. 





[Example 9] 1-[4-(2-Aminothiazol-4-yl)benzoyl]-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride 

[0471 ] In a similar manner to Example 4 except for the use of 4-(2-aminothiazol-4-yl)benzoic acid and 1 -[(6-chloro- 
naphthalen-2-yl)sulfonyl]piperazine hydrochloride as the raw materials, the reaction was conducted, whereby the title 
compound was obtained. 

1 H-NMR (DMSO«l 6 ) 6: 2.90-3.20(4H,m), 3.30-3.90(4H,m), 7.26(1 H,s), 7.41 (2H,d,J=8.3Hz), 
7.73(1 H,dd,J=8.8,2.0Hz), 7.79(2H,d.J=8.3Hz), 7.82(1 H,dd,J=8.8.2.0Hz), 8.18(1H,d.J=8.8Hz), 8.25-8.30(2H,m), 
8.50(1 H,brs). 

MS (FAB) m/z: 513 [(M+H) + , CI 35 ], 515 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C2 4 H 21 N 4 0 3 aS2 • HCI • 0.3H 2 O 


Calculated: 


C, 51.95; 


H, 4.11; 


N, 10.10; 




CI, 12.78; 


S, 11.56. 




Found: 


C, 51.99; 


H, 4.19; 


N, 10.03; 




CI, 12.61; 


S. 11.45. 
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[Example 10] 1-[(6-Chl r naphthalen-2-y0sulfonyfl-444-pi7^ ride 

[0472] In dichloromethane (5 ml), 1 -[(6-chloronaphthal«i-2-yf)sutfonyt]-4-[4-{1 -triphenylmethylimidazol-4(5)-yl]ben- 
zoyl]piperazine (303 mg) was dissolved, followed by the addition of a saturated ethanol hydrochloride solution (30 ml) 
under ice cooling. After stirring at room temperature for 3 hours, the solvent was distilled off. Ether was added to the 
residue for crystallization and the resulting crystals were collected by filtration, whereby the title compound (307 mg, 
76%) was obtained as a colorless solid. 

1 H-NMR (DMSOdg) 6: 2.90-3.20(4H,m), 3.30-3.90(4H,m), 7.47(2H,d.J=8.3Hz), 7.74(1 H,dd,J=8.8,2.0Hz), 
7.82( 1 H.dd, J=8.8,2.0Hz), 7.89(2H ( d.J=8.3Hz), 8.1 9(1 H ( d, J=8.8Hz), 8.22(1 H,d, J=1 .0Hz). 8.25-8.30(2H t m), 
8.50(1 H,m), 9.22(1 H,d.J=1.0Hz). 
MS (FAB) m/z: 481 [(M+H) + , CI 35 ], 483 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H21CIN4O3S • HCI • 0.4H 2 O 


Calculated: 


C, 54.94; 


H, 4.38; 


N, 10.68; 




CI, 13.52; 


S. 6.11. 




Found: 


C, 54.98; 


H, 4.29; 


N, 10.62; 




CI, 13.56; 


S f 6.14. 





[Example 11] 1-[4-(2-Aminoimidazol-4-yl)benzoyl]-4-[(6-chloro^ hydrochloride 

[0473] In a similar manner to Example 4 except for the use of 4-(2-aminoimidazol-4-yl)benzoic acid hydrochloride 
and 1-[(6-ch!oronaphthalen-2-yf)sulfonyl]piperazine hydrochloride as the raw materials, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 5: 2.90-3.20(4H,m), 3.30-3.90(4H,m), 7.39(2H,d,J=8.3Hz), 7.47(1 H,s), 7.49(2H,br s), 
7.67(2H,d,J=8.3Hz), 7.73(1 H,dd,J=8.8,2.5Hz), 7.82(1 H,dd,J=8.8,2.0Hz), 8.18(1^^=8.8^), 8.25-8.30(2H ( m), 
8.50(1 H.brs). 

MS (FAB) m/z: 496 [(M+H) + , CI 35 ], 498 [(M+H)\ CI 37 ]. 



Elementary analysis for C24H22N5O3CIS • HCI 


Calculated: 


C, 54.14; 


H, 4.35; 


N, 13.15; 




CI, 13.32; 


S, 6.02. 




Found: 


C, 53.94; 


H, 4.39; 


N, 12.82; 




CI, 13.27; 


S, 6.07. 





[Example 12] 4-[4-[[4-[(6-Chloronaphthalen-2-ygsuK^ iodide 

[0474] In a mixed solvent of benzene (1 0 ml) and methanol (1 0 ml), 1 -[(6-chloronaphthalen-2-y0sulfonyl]-4-[4-(pyri- 
din-4-yl)benzoyQpiperazine (300 mg) obtained in Example 1 was dissolved at room temperature, followed by the addi- 
tion of methyl iodide (1 ml). To the resulting mixture, the same amount of methyl iodide was added three times at 
intervals of 24 hours, followed by heating under reflux for 4 days. The reaction mixture was distilled under reduced pres- 
sure and the residue was washed with methanol, collected by filtration and dried, whereby the title compound (229 mg, 
58%) was obtained as a yellow solid. 

1 H-NMR (DMSO<l 6 ) 6: 3.03(2H,br s), 3.13(2H,br s), 3.43(2H,br s). 3.75(2H,br s), 4.34(3H,s), 7.59(2H,d,J=8.8Hz), 
7.74(1 H,dd,J=8.8.2.4Hz), 7.85(1 H,dd,J=8.8,2.0Hz), 8.08(2 H,d,J=8.8Hz), 8.19(1 H,d,J=8.8Hz). 8.25-8.30(2H,m), 
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8.45-8.55(3H,m), 9.03(2H,d,J=6.8Hz). 



Elementary analysis for C27H25N3O3CIIS • H2O 


Calculated: 
Found: 


C, 49.74; 
C, 49.60; 


H, 4.17; 
H, 4.09; 


N, 6.45. 
N, 6.23. 



[Example 13] 3-[4-[[4-[(6^hloronaphthalen-2-yl)sufo^ N-oxide 

[0475] In a similar manner to Example 6 except for the use of 1-[(6-chloronaphthalen-2-yt)sulfonyl]-4-[4-(pyridin-3- 
yl)benzoy1]piperazine, which had been obtained in Example 6, as the raw material, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 2.90-3.40(4H,m) ( 3.40-4.20(4H,m), 7.50-7.60(1 H.m), 7.40-7.45(3H,m), 7.54(2H,d.J=8.3Hz), 
7.60(1 H,dd,J=8.8,2.0Hz), 7.76(1 H,dd,J=8.8,2.0Hz), 7.90-8.00(3H,m), 8.22(1 H,d,J=5.9Hz), 8.31(1H,d.J=2.0Hz), 
8.43(1 H.brs). 

MS (FAB) m/z: 508 [(M+H) + , CI 35 ], 510 [(M+H) + , CI 37 ]. 



Elementary analysis for C26H22N3O4CIS • H 2 0 


Calculated: 


C, 59.37; 


H, 4.60; 


N, 7.99; 




CI, 6.74; 


S, 6.10. 




Found: 


C. 59.48; 


H, 4.69; 


N, 7.74; 




CI. 6.73; 


S. 6.07. 





[Example 1 4] 1 -[2-Carboxy-4-(pyridin-4-y0benzoyQ-4-[(6-d^^ 

[0476] In dichloromethane (50 ml), 1-[2-tert^oxycarbonyl-4-(pyridin-4-^ 

yl)sutfony1]piperazine hydrochloride (250 mg) was dissolved, followed by the dropwise addition of trrf luoroacetic acid (50 
ml) under ice cooling. After stirring at room temperature for 5 hours, the solvent was distilled off. The residue was dis- 
solved in methanol and the resulting solution was allowed to stand in a refrigerator for one day. The colorless solid so 
precipitated was collected by filtration and dried, whereby the title compound (550 mg, 28%) was obtained as a color- 
less solid. 

1 H-NMR (DMSO-d 6 ) 6: 2.90-3.40(6H,m), 3.65-3.75(2H,m), 7.41(1H.d,J=7.8Hz), 7.70-7.75(3H,m), 
7.82(1 H,dd,J=8.8,2.0Hz), 8.00(1 H,dd,J=7.8,1.5Hz), 8.15-8.30(4H,m), 8.50(1H,br s) t 8.67(2H,d.J=5.9Hz), 
13.29(1 H.brs). 

MS (FAB) m/z: 536 [(M+H) + , CI 35 ]. 538 [(M+H) + , CI 37 ]. 



Elementary analysis for 
QtfK^CINaOsS'O.SHsO 


Calculated: 


C. 59.50; 


H, 4.25; 


N, 7.71; 




CI, 6.50; 


S. 5.88. 




Found: 


C, 59.54; 


H, 4.30; 


N, 7.37; 




CI, 6.35; 


S, 5.89. 
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[Example 15] 1-[(6-Chloronaphthalen-2-yl)suffonyQ-4-[[5-to^ razin hydrochloride 

[0477] In a similar manner to Example 4 except for the use of 5-(pyridin-4-yf)thiophene-2-carboxy1ic acid hydrochlo- 
ride obtained in Referential Example 28 and 1-{(6-chloronaphtha!en-2-yl)sulfonyI]FHperazine hydrochloride as the raw 
materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.11(4H,br s). 3.74{4H,br s). 7.52(1 H,d,J=3.9Hz), 7.73(1 H,dd,J=8.8,2.5Hz), 
7.83(1 H,dd,J=8.8.2.0Hz), 8.03(1 H,d,J=3.9Hz), 8.10-8.15(2H,m), 8.18(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 8.51 (H,s), 
8.88(2H,d,J=6.8Hz). 

MS (FAB) m/z: 498 [(M+H) + , CI 35 ]. 500 [(M+H)\ CI 37 ]. 



Elementary analysis for 
C 2 4H2oCIN303S2-HCI-H 2 0 


Calculated: 


C, 52.17; 


H, 4.20; 


N, 7.61; 




CI, 12.83; 


S, 11.61. 




Found: 


C, 52.04; 


H, 4.22; 


N ( 7.22; 




CI, 12.74; 


S. 11.57. 





[Example 16] 1-[(6-Chloronaphthalen-2-yl)sulfonyIH^ hydrochloride 

[0478] In a similar manner to Example 4 except for the use of 5-(pyridin-4-yl)furan-2-carboxylic acid hydrochloride 
obtained in Referential Example 29 and 1 -[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride as the raw mate- 
rials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-cy 6: 3.13(4H,br s), 3.30-4.00(4H,m), 7.21(1H,d,J=3.9Hz) ( 7.71(1H,d,J=8.8Hz), 7.75- 
7.80(1H,m), 7.83(1 H,d,J=8.8 Hz), 8.10-8.30(5H,m), 8.51(1H,s), 8.85-8.90(2H,m). 
MS (FAB) m/z: 482 [{M+H) + , CI 35 ], 484 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H 2 oCIN304S • HCI • H 2 0 


Calculated: 


C. 53.74; 


H, 4.32; 


N ( 7.83; 




CI, 13.22; 


S, 5.98. 




Found: 


C, 53.51; 


H, 4.36; 


N f 7.57; 




CI, 13.21; 


S, 5.97. 





[Example 17] 1-[(6-Chloronaphthalen-2-yl)sulfony0-4-[4-(pyridin-2-y0benzoy0piperazine hydrochloride 

[0479] In a similar manner to Example 4 except for the use of 4-(pyrtdin-2-y1)benzoic acid hydrochloride obtained in 
Referential Example 30 and 1-[(6-chloronaphthalen-2-yl)suHonyl]piperazine hydrochloride as the raw materials, the 
reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO<! 6 ) 6: 3.07(4H,br), 3.60-4.00(4H,br), 7.46(3H,br), 7.73(1 H,dd,J=8.8,2.0Hz), 

7.82(1 H,dd,J=8.8,2.0Hz), 7.94-8.05(2H,br), 8.08(2H.d,J=8.8Hz), 8.18(1H,d,J=8.8Hz), 8.28(2H,d,J=8.8Hz), 
8.50(1 H,s), 8.70(1 H.br). 

MS (FAB) m/z: 492 [(M+H) + , CI 35 ], 494 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C26H22CIN3O3S • 0.9HCI • H2O 


Calculated: 


C. 57.53; 


H, 4.62; 


CI, 12.41; 




N, 7.74; 


S. 5.91. 




Found: 


C. 57.55; 


H, 4.52; 


CI. 12.64; 




N, 7.61; 


S, 6.03. 





[Example 18] 1-[(EH-ChlorostyrylsuHonyl]-4-^ hydrochloride 

[0480] In a similar manner to Example 1 7 except for the use of 4-(2-pyridyl)benzoic acid hydrochloride and 1 -[(E)- 
4-chlorostyrylsutfbnyl]pipera2ine hydrochloride, which had been obtained in Referential Example 31, as the raw mate- 
rials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.19(4H,br), 3.46(2H,br), 3.75(2H,br), 7.36(1 H,d,J= 15.6Hz), 7.44(1 H,d,J=15.6Hz), 7.50- 
7.58(1H,br), 7.53(2H,d,J=:7.8Hz), 7.57(2H,d,J=7.8Hz), 7.82(2H,d,J=7.8Hz), 8.13(2H,m), 8.15(2H,d,J=7.8Hz), 
8.75(1 H,d,J=4.9Hz). 

MS (FAB) m/z: 468 [(M+H)\ CI 35 ], 470 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H22CIN3O3S • HCI • 0.3EtOH • 0.3H 2 O 


Calculated: 


C. 56.42 


H, 4.89; 


CI, 13.54; 




N, 8.02; 


S, 6.12. 




Found: 


C, 56.51 


H, 4.83; 


CI. 13.46; 




N, 8.10; 


S. 5.99. 





[Example 19] 2-[4-[[4-[(6-Chlororiaphthalen-2-y^ N-oxide 

[0481] In a similar manner to Example 6 except for the use of 1 -[(6-chloronaphthalen-2-yl)sulfonyl]-4-[4-(pyridin-2- 
yl)benzoyl]piperazine t which had been obtained in Example 17, as the raw material, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (CDCI3) 5: 3.11(4H,br), 3.63(2H,br), 3.87(2H,br), 7.27(1H,m), 7.33(1 H,t,J=8.8Hz), 7.39-7.41 (1H,br), 
7.40(2H,d.J=7.8Hz), 7.60(1 H,d. J=8.8Hz), 7.77(1 H,d.J=8.8Hz), 7.83(2H f d.J=7.8Hz), 7.93(1 H,d,J=3.8Hz), 
7.94(1 H,s), 8.31 (1H,s), 8.33(1 H,d,J=5.9Hz). 
MS (FAB) m/z: 508 [(M+H)\ CI 35 ], 510 [(M+H) + , CI 37 ]. 



Elementary analysis for C26H22CIN3O4S 


Calculated: 


C, 61.47; 


H, 4.37; 


CI, 6.98; 




N, 8.27; 


S, 6.31. 




Found: 


C, 61.32; 


H, 4.46; 


a, 7.21; 




N, 8.13; 


S. 6.02. 
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[Example 20] 2-[4-[[4-[(6-Chloronaphthalen-2-yf)sutfonyi]piperazin-1-yt]carb ny(]phenyQ-1-methytpyridiniurn iodide 

[0482] In a similar manner to Example 12 except for the use of 1-[(6-chIoronaprrthalen-2-yl)sulfonyl]-4-{4-(pyridin- 
2-y1)benzoy1]piperazine, which had been obtained in Example 17, as the raw material, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 2.93-3.23(4H,br). 3.54{2H,br), 3.82(2H,br), 4.30(3H,s), 7.50(2H,d.J=8.8Hz), 7.53(1 H,m), 
7.70(2H,d,J=8.8Hz), 7.70(1 H.br), 7.84-7.92(4H,m), 8.1 5(1 H,t. J=6.8Hz), 8.26(1 H ( s), 8.52(1 H,t,J=6.8Hz) t 
9.29(1 H,d.J=:5.9Hz). 



Elementary analysis for 




C27H25CIIN3O3SO.6H2O 




Calculated: 


C. 48.93; 


H, 4.29; 


N, 6.34. 


Found: 


C, 48.81; 


H, 4.06; 


N, 6.31. 



[Example 21] 1 -[(6-Ch!oronaphmalen-2-yl)sutfonyrj-4-[4-(2,4KjiamirK>pyrimidin-6-yl)benzoyi]pipera2ine hydrochloride 

[0483] In a similar manner to Example 4 except for the use of 4-(2 ( 4-diamino-6-pyrimidyl)benzoic acid hydrochlo- 
ride obtained in Referential Example 32 and 1-[(6-chloronaphthalen-2-yf)sulfonyf]piperazine hydrochloride as the raw 
materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 3.14(4H,br), 3.45(2H,br s), 3,73(2H,br s), 6,36(1^5), 7,54(2 H,d,J=7.8Hz), 
7.74(1 H,dd,J=8.8,2.0Hz), 7.82(1 H,d,J=8.8Hz), 7.83(1H,S), 7.84(2H ( d,J=7.8Hz), 8.18(1H,J=8.8Hz), 8.18- 
8.35(3H,br), 8.27(1 H,s) ( 8.28(1 H,d,J=8.8Hz), 8.50(1 H.s), 1 2.64(1 H.br s). 
MS (FAB) m/z: 523 [(M+H) + , CI 35 ], 525 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C^sHgaCINeOgS • HCI • 1 .4H 2 0 


Calculated: 


C, 51.36; 


H, 4.62; 


CI, 12.13; 




N, 14.37; 


S, 5.48. 




Found: 


C, 51.38; 


H, 4.54; 


CI, 12.24; 




N, 14.23; 


S. 5.55. 





[Example 22] 1-[(E)-4-Chlorostyrylsulfonyl]^-[4-(2,4<liaminopyrimidin-6-yI)benzoyl]piperazine hydrochloride 

[0484] In a similar manner to Example 21 except for the use of 4-(2,4-diamino-6-pyrimidyl)benzoic acid hydrochlo- 
ride obtained in Referential Example 33 and 1-[(E)-4-chlorostyryisulfonyl)piperazine hydrochloride, which had been 
obtained in Referential Example 31 , as the raw materials, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (DMSOdg) 6: 3.18(4H,br), 3.43(2H,br), 3.76(2H,br), 4.0(2H,br), 6.37(1H,s). 7.84(2H,d,J=15.6Hz), 
7.44(1 H,J=15.6Hz), 7.53(2H,d,J=8.8Hz), 7.63(2H,d.J=8.8Hz), 7.82(1 H,d.J=8.8Hz), 7.88(1 H,d.J=8.8Hz), 
8.23(1H,br s). 8.32(1 H,br s), 12.58(1H,br s). 
MS (FAB) m/z: 499 [(M+H) + , CI 35 ], 501 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
CasH^CINeOaS • 1 .2HCI • 1 .4H 2 0 


Calculated: 


C, 48.64; 


H, 4.79; 


CI. 13.73; 




N, 14.80; 


S, 5.65. 




Found: 


C. 48.46; 


H, 4.56; 


CI, 13.53; 




N, 14.54; 


S, 5.72. 





[Example 23] 2-[4-Q4-(E)^-Chlorostyrylsulfonyl]pipera2in-1-yl]carbonyl]phenyl]pyridin N-oxide 

[0485] In a similar manner to Example 1 except for the use of 2-[4-[(1 -piperazyl)carbonyl]phenyf]pyridine N-oxide 
hydrochloride obtained in Referential Example 35 and (E)-4-chlorostyrylsu!fonyl chloride as the raw materials, the reac- 
tion was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 3.10-3.40(4H,br), 3.66(2H,br), 3.89(2H,br), 6.65(1 H,d,J= 15.6Hz), 7.28(1H,m), 
7.34(1 H,t,J=7.8Hz), 7.39-7.48(6H,m), 7.50(2H,d,J=7.8Hz), 7.88(2H,d,J=7.8Hz), 8.34(1 H,d,J=5.9Hz). 
MS (FD) m/z: 483 (M + , CI 35 ), 485 (M + , CI 37 ). 



Elementary analysis for 
C24H 2 2CIN3O 4 S*0.5H 2 O 


Calculated: 


C, 58.47; 


H, 4.70; 


CI. 7.19; 




N, 8.52; 


S, 6.50. 




Found: 


C, 58.49; 


H, 4.80; 


CI, 7.29; 




N, 8.31; 


S. 6.34. 





[Example 24] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[4-(pyridin-4-yl)benzoyl]piperazine hydrochloride 

[0486] Under ice cooling, piperazine (727 mg) was dissolved under in dichloromethane (10 ml), followed by the 
addition of (E)-4-chlorostyrylsuffonyl chloride (500 mg) in portions. After stirring at room temperature for one hour, the 
reaction mixture was diluted with dichloromethane (100 ml), washed with a saturated aqueous solution of sodium bicar- 
bonate, a 5% aqueous solution of citric acid, water and saturated saline and then dried over anhydrous magnesium sul- 
fate. The residue obtained by distilling off the solvent under reduced pressure was suspended in N,N- 
dimethylformamide (10 ml), followed by the addition of 4-(4-pyridyl)benzoic acid (420 mg) obtained in Referential Exam- 
ple 2 and N.N-dimethyl-4-aminopyridine (309 mg). Under ice cooling, 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (405 mg) was added and the resulting mixture was stirred at room temperature for 68 hours. After con- 
centration, the residue was purified by chromatography on a silica gel column (dichloromethane : methanol = 70:1). The 
colorless solid so obtained was recrystallized from a mixed solvent of ethyl acetate and hexane, followed by recrystal- 
lization from ethyl acetate to obtain colorless needle crystals (185 mg). To the filtrate, on the other hand, saturated 
hydrochloric acid - ethanol (4 ml) was added. After concentration, the residue was recrystallized from methanol - ethyl 
acetate, whereby the title compound (200 mg) was obtained as colorless needle crystals. 

1 H-NMR (DMSO<J 6 ) 6: 3.17(2H,br s) ? 3.23(2H.br s), 3.48(2H ( br s), 3.77(2H,br s) t 7.36(1 H.d.J=15.3Hz), 

7.44(1 H,d,J=15.3Hz), 7.53(2H.d.J=8.8Hz).7.64(2H,d t J=8.3Hz) 1 7.82(2H,d,J=8.3Hz), 8.06(2H,d,J=8.8Hz) t 
8.32(2H.d.J=6.6Hz), 8.95(2H,d,J=6.6Hz). 
MS (FAB) m/z: 468 [(M+H) + , CI 35 ], 470 [(M+H)\ CI 37 ]. 
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Elementary analysis for 




C24H22CIN3O3S • HCI • 0.21^0 • 0.22CH 3 CO 2 CH2 




CH 


3 




Calculated: 


C. 56.66; 


H, 4.81; 


Q. 13.44; 




N, 7.97; 


S. 6.08. 




Found: 


C, 56.68; 


H, 4.79; 


CI, 13.43; 




N, 8.04; 


S, 6.14. 





[Example 25] 4-[4-[[4-[(E)-4<)hlorostyry1sulfon^ iodide 

[0487] In a similar manner to Example 12 except for the use of 1 -[(E)-4-chlorostyry1sulfonyl]-4-[4-(pyridin-4-yl)ben- 
zoyl]piperazine, which had been obtained in Example 24, as the raw material, the reaction was conducted, whereby the 
title compound was obtained. 

1 H-NMR (DMSO-de) 6: 3.04-3.87(8H,br), 4.35(3H,s), 7.35(1 H,d,J=15.6Hz), 7.44(1 H,d,J=15.6Hz), 
7.53(2H,d.J=8.3Hz), 7.67(2H,d,J=8.3Hz), 7.82(2H,d,J=8.8Hz), 8.13(2H,d,J=8.3Hz), 8.53(2H,d.J=6.8Hz), 
9.05(2H,d,J=7.3Hz). 



Elementary analysis for 




C 2 5H2 5 CIIN3O3S'0.5H 2 O 




Calculated: 


C, 48.52; 


H, 4.23; 


N, 6.79. 


Found: 


C, 48.68; 


H, 4.13; 


N, 6.41. 



[Example 26] 3-[4-[[4-[(E)-4<)hlorostyrylsulfony0piper^ N-axide 

[0488] After the protective group was removed by the reaction as in Example 7, the reaction with (E)-4-chlorostyr- 
ylsulfonyl chloride was effected in a similar manner to Example 23, whereby the title compound was obtained. 

1 H-NMR (CDCI3) 6: 3.26(4H,br), 3.52-4.00(4H,br), 6.64(1 H,d,J=15.6Hz), 7.45-7.52(7H,m), 7.52(2H,d,J=2.0Hz), 
7.57(2H,d,J=2.0Hz), 8.22(1 H,dt,J=6.3,1.6Hz), 8.44(1 H,t,J=1.6Hz). 
MS (FAB) m/z: 484 [(M+H) + , CI 55 ]. 486 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H 22 CIN 3 O3S*0.5H2O 



Calculated: 


C, 58.47; 


H, 4.70; 


CI, 7.19; 




N, 8.52; 


S, 6.50. 




Found: 


C, 58.49; 


H, 4.66; 


CI, 7.40; 




N, 8.54; 


S, 6.56. 





[Example 27] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[4-(pyridin-3-yi)benzoyl]piperazine hydrochloride 

[0489] in a similar manner to Exampl 17 except for the use, as the raw materials, of 4-(3-pyridyl)benz ic acid 
hydrochloride obtained in Referential Example 8 and 1-[(E)-4-chtorostyrylsulfonyl]piperazine hydrochloride obtained in 
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Referential Example 31 , th reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 3.08-3.29(4H,br), 3.42-3.85(4H f br), 7.35(1 H,d.J=15.6Hz) ( 7.43(1 H,d,J=15.6Hz), 

7.52(2H,d,J=8.3Hz), 7.59(2H,d,J=8.3Hz), 7.80-7.93(5H.m), 8.54(1 H,d.J=6.8Hz), 8.78(1 H,d,J=4.5Hz), 
9.13(1 H,d,J=2.0Hz). 

MS (FAB) m/z: 468 [(M+H) + , CI 35 ], 470 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C^HaaCINaOaS • HCI • 1 .3H 2 0 


Calculated: 


C, 54.61; 


H, 4.89; 


N, 7.96; 




CI, 13.43; 


S. 6.07. 




Found: 


C, 54.82; 


H, 4.80; 


N, 7.91; 




CI, 13.14; 


S, 6.14. 





[Example 28] 3^4-n4-[(6-Chloronaprrthalen-2-yl)sulfon iodide 

[0490] In a similar manner to Example 12 except for the use of 1-[(6-chloronaphthalen-2-yl)sulfonyf]-4-[4-(pyridin- 
3-y1)benzoyl]piperazine, which had been obtained in Example 5, as the raw material, the reaction was conducted, 
whereby the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 2.50-3.80(8H,m), 4.44(3H t s), 7.57(2 H.d.J =8.3 Hz), 7.74(1 H,dd,J=8.8,2.0Hz), 
7.84(1 H,dd,J=8.8,1.5Hz), 7.94(2H,d,J=8.3Hz) l 8.10-8.30(4H,m), 8.51(1H,s), 8.90(1 H,d,J=7.8Hz), 
9.01(1 H,d,J=5.9Hz), 9.45(1 H,s). 
MS (FAB) m/z: 506 [(M+H) + , CI 35 ], 508 [(M+H) + , CI 37 ]. 

[Example 29] 1-[(6-Ch!oronaphthalen-2-yl)sulfony^ hydrochloride 

[0491 ] In a similar manner to Example 4 except for the use of 2-(hydroxy-4-(4-pyridyf)benzoic acid obtained in Ref- 
erential Example 33 and 1-[(6-chloronaphthaien-2-yl)sulfonyi]piperazine hydrochloride as the raw materials, the reac- 
tion was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.90-3.40(8H,m), 7.25-7.40(3H,m), 7.70-7.80(1 H,m), 7.80-7.90(1 H f m), 8.15-8.25(3H,m), 
8.25-8.35(2H,m), 8.50-8.60(1 H,m), 8.91(2H,d.J*6.4Hz), 10.41(1H,br s). 
MS (FAB) m/z: 535 [(M+H)+, CI 35 ]. 537 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 26 H22CIN304S • 1 . 1 HCI • 1 .7H 2 0 


Calculated: 


C. 53.96; 


H, 4.62; 


N, 7.26; 




CI, 12.86; 


S, 5.54. 




Found: 


C. 53.62; 


H, 4.58; 


N, 7.34; 




CI, 13.10; 


S. 5.94. 





[Example 30] 1-[(6-Chlorortaprrthalen-2-y0sulfonyQ-4-[3-m^ hydrochloride 

[0492] In a similar manner to Example 4 except for the use of 3-methoxy-4-(4-pyridyl)benzotc acid obtained in Ref- 
erential Example 41 and 1-[(6-chloronaphthalen-2-v1)suIfonyl]piperazine hydrochloride as the raw materials, the reac- 
tion was conducted, whereby the title compound was obtained. 
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1 H-NMR (DMSO-de) 6: 3.00-4.00(8H,m), 3.81(3H,s), 7.08(1 H,d,J=8.8Hz), 7.17(1H,s), 7.55(1 H,d,J=8.8Hz) t 
7.74(1 H,dd J J=8.8,2.0Hz), 7.83(1 H,d,J=8.3Hz), 8.04(2H,d,J=6.3Hz), 8.19(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 
8.52(1 H,s), 8.85(2H,d,J=6.3Hz). 
MS (FAB) m/z: 522 [(M+H) + , CI 35 ], 524 [(M+H)+, CI 37 ]. 



Elementary analysis for 
C 27 H 2 4CIN 3 04S • 0.8HCI • 1 .7H 2 0 


Calculated: 


C, 55.74; 


H, 4.89; 


N, 7.22; 




CI, 10.97; 


S, 5.51. 




Found: 


C, 55.59; 


H, 4.90; 


N, 7.23; 




a, 10.90; 


S, 5.52. 





[Example 31] 1-[(6-Ch!oronaphtha!en-2-yl)sulfony^ hydrochloride 

[0493] In dichloromethane (1 mf), boron tri bromide (1 15 pJ) was dissolved, followed by the dropwise addition of a 
solution of 1-[(6-ch!oronaphthalen-2-yl)sulfony^ (105 mg), which had 

been obtained in Example 30, in dichloromethane (dichloromethane: 4 ml) at an external temperature of about -78°C. 
While heating gradually to room temperature, the resulting mixture was stirred for 23 hours. After dichloromethane and 
water were added to the reaction mixture and the resulting mixture was stirred for a while, sodium bicarbonate was 
added to make alkaline the reaction mixture, which was separated into an organic layer and a water layer. From the 
water layer, another organic layer was extracted with dichloromethane. These organic layers were combined together, 
washed with saturated saline and then dried over anhydrous sodium sulfate. The residue obtained by distilling off the 
solvent under reduced pressure was purified by chromatography on a silica gel column (dichloromethane ~ 3% meth- 
anol - dichloromethane). The crudely purified product so obtained was dissolved in tetrahydrofuran. Ethanol hydrochlo- 
ride was added to the resulting solution to solidify the same. The resulting solid was collected by filtration and then 
dissolved in a mixed solvent of water and methanol. After the removal of the insoluble matter by filtration, the filtrate was 
distilled under reduced pressure, whereby the title compound (36 mg, 30%) was obtained. 

1 H-NM R (DMSO<J 6 )6: 3.00-3. 80(8H,m), 6.85-6.95(1 H,m), 7.01(1 H,d,J=1 .4Hz), 7.49(1 H,d.J=8.8Hz), 
7.72(1 H,dd,J=8.8,2.0Hz), 7.81(1 H,dd,J=8.5, 1.7Hz), 7.94(2H,d,J=6.4Hz), 8.19(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 
8.51(1H,s), 8.75(2H,d,J=5.9Hz), 10.67(1H,s). 
MS (FAB) m/z: 508 [(M+H)\ CI 35 ], 510 [(M+H) + , CI 37 ]. 

[Example 32] 1 -[(6-Chloronaphthalen-2-yl)sulfon^ 

[0494] In a similar reaction to Example 7 except for the use of 4-tert-butoxycarbonyl-1-[(6-chloronaphthalen-2- 
yl)sulfonyl]-2-ethoxycarbonylpiperazine as the raw material, the protective group was removed. The residue was then 
reacted with 4-(4-pyridyl)benzoic acid hydrochloride as in Example 4, whereby the title compound was obtained. . 

1 H-NMR (CDCI 3 ) 6: 0.80-1.1 0(3H,m), 3.00-4.00(8H,m), 4.60-4.80(1 H,m), 7.42(2H,d.J=7.8Hz), 
7.47(2H,d,J=5.9Hz), 7.50-7.60(1 H,m), 7.64(2 H,d,J=8.3 Hz), 7.70-7.80(1 H,m), 7.85-7.95(3H,m), 8.33(1 H,s), 
8.69(2H,s). 

MS (FAB) m/z: 564 [(M+H) + , CI 35 ], 566 [(M+H)+, CI 37 ]. 



Elementary analysis for 




C29H 26 CIN 3 C>5S-0.3H2O 




Calculated: 


C. 60.78; 


H, 4.70; 


N, 7.33; 




CI, 6.80; 


S, 5.60. 
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(continued) 



Elementary analysis for 
C^H^CINaOsS'O.aHaO 



Found: 


C, 60.84; 


H, 4.84; 


N, 6.98; 




CI, 7.03; 


S, 5.70. 





[Example 33] 1-[(6-Chloronaphthalen-2-yl)suKoriyl]-4-[4-fo^ acid 

[0495] In a similar manner to Example 3 except for the use of 1 -[(6-cti!oronaphthalen-2-yi)sulfonyr]-2-ethoxycartx)- 
nyM-[4-(pyridin-4-yl)benzoyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-dg) 6: 2.70-5.00(7H,m), 7.40-7.50(2H,m), 7.65-7.75(2H,m), 7.85-8.25(8H,m), 8.50-8.60(2H,m), 
8.80-8.95(2H.m). 

MS (FAB) m/z: 536 [(M+H) + , CI 35 ], 538 [(M+H) + , CI 37 ]. 



Elementary analysis for 
CayH^ClNaOgS • 0.3HCI • H 2 0 


Calculated: 


C, 57.40; 


H, 4.34; 


N, 7.44; 




CI, 8.16; 


S, 5.68. 




Found: 


C, 57.16; 


H, 4.35; 


N, 7.36; 




CI, 7.92; 


S, 6.08. 





[Example 34] 4-[(6-Chloronaphthalen-2-yl)sulfonyI]-2-ethoxycarbonyl-1 -[4-(pyridin-3-yl)benzoyl]piperazine 

[0496] In a similar manner to Example 2, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1.15-1.30(3H,m), 2.60-4.60(8H ( m), 5.33(1H,br), 7.40-7.55(3H,m), 7.70-7.85(4H,m), 8.05- 
8.10(1H,m), 8.19(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 8.50-8.65(2 H,m), 8.91(1H,s). 
MS (FAB) m/z: 564 [(M+H) + , CI 35 ], 566 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C29H26CIN3O5S • 0. 1 HCI • 0.5H 2 O 


Calculated: 


C, 60.40; 


H, 4.74; 


N, 7.29; 




CI, 6.76; 


S, 5.56. 




Found: 


C. 60.67; 


H, 4.61; 


N, 7.30; 




CI, 6.89; 


S, 5.51. 





[Example 35] 2-Caroamoyi-4-[(6K;hloronaphtha!en-2-yl)su hydrochloride 

[0497] In a similar manner to Example 3, with 4-[(6-chloronaphthalen-2-yl)sulfonyl]-2-ethoxycarbonyl-1 -[4- (pyridin- 
3-yl)benzoyl]piperazine (426 mg) as the raw material, a crude product was obtained by the hydrolysis of the ester, fol- 
lowed by suspension in N.N-dimethylformamide (35 ml). Under ice cooling, di-tert-butyl dicarbonate (646 mg), pyridine 
(370 ill) and ammonium bicarbonate (196 mg) were added to the resulting suspension. The resulting mixture was 
stirred at room temperature for 19 hours. The residue obtained by distilling off the solvent under reduced pressure was 
purified by chromatography on a silica gel column (4% methanol - dichloromethane) and th eluat was dissolved in 
tetrahydrofuran. Ethanol hydrochloride was added to the resulting solution to solidify the same. The resulting solid was 
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collected by filtration and dissolved in a mixed solvent of water and methanol. The insoluble matter was filtered off and 
the filtrate was distilled under reduced pressure, whereby the title compound (302 mg, 65%) was obtained. 

1 H-NMR (DMSO<J 6 ) 6: 2.30-4.50(6H,m), 5.08(1 H.br), 7.40-7.60(2H,m), 7.65-7.85(3H,m), 7.92(2H,d.J=7.8Hz), 
8.00-8.1 0(1 H,m), 8.20(2H,d,J=8.8Hz), 8.25-8.35(2H,m), 8.49(1 H,s), 8.80(1 H,d.J=:7.8Hz), 8.88(1 H,d.J=5.4Hz), 
9.25(1 H,s). 

MS (FAB) m/z: 535 [(M+H) + , CI 35 ], 537 [(M+H) + , CI 37 ]. 



Elementary analysis for 
CayH^CIN^AS • 1 . 1 HCI • 1 .7H 2 0 



Calculated: 


C, 53.54; 


H, 4.58; 


N, 9.25; 




CI, 12.29; 


S, 5.29. 




Found: 


C. 53.36; 


H, 4.71; 


N ( 9.07; 




CI, 12.17; 


S, 5.50. 





(Example 36] 2-Caroamoyl-4-[(6K;hloronaphthalen-2-yl)sutfo^ hydrochloride 

[0498] In a similar manner to Example 35 except for the use of 4-[(6-chloronaphthalen-2-yl)sulfonyl]-2-ethoxycarb- 
ony1-1-[4-(pyridin-4-yl)benzoyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 5: 2.30-2.70(2H,m), 3.20-3. 80(2 H ( m), 4.10-4.50(2H,m), 5.07(1H,brs), 7.40-7.55(2H,m), 7.60- 
7.65(1 H,m), 7.67(1 H,s), 7.72(1 H,dd,J=8.8,2.4Hz), 7.78(1 H,dd,J=8.8,2.4Hz), 8.04(2H,d i J=8.8Hz), 
8.20(1 H,d,J=8.8Hz), 8.25-8.35(4H,m), 8.49(1 H,s), 8.95(2H,d,J=5.4Hz). 
MS (FAB) m/z: 535 [(M+H) + , CI 35 ], 537 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C27H23CIN4O4S • HCI • 1 .8H 2 0 


Calculated: 


C, 53.70; 


H, 4.61; 


N, 9.28; 




CI, 11.74; 


S. 5.31. 




Found: 


C, 53.87; 


H, 4.40; 


N, 8.89; 




CI. 11.81; 


S, 5.23. 





[Example 37] 4-[4-R2-Carbanx)yl-4-[(6<hIoronapM N-oxide 

[0499] In a similar manner to Example 7 except for the use of 2-carbarnoyl-4-[(6K:hloronaphthalen-2-yl)sulfonyl]-1 - 
[4-pyridin-4-yl)benzoyl]piperazine as the raw material, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (DMSO-de) 6: 2.30-4.50(6H,m), 5.04(1H,br), 7.30-7.90(10H ( m), 8.10-8.30(5H,m), 8.48(1H,s). 
MS (FAB) m/z: 551 [(M+H) + , O 35 ], 553 [(M+H) + , CI 37 ]. 
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Elementary analysis for 

C27H23CIN 4 O5S'0.8H2O 


Calculated: 


C, 57.35; 


H, 4.39; 


N, 9.91; 




CI, 6.27; 


S. 5.67. 




Found: 


C. 57.64; 


H. 4.50; 


N, 9.48; 




CI, 6.37; 


S, 5.71. 





[Example 38] 4-[4-[[4-[(6-Chloronaprrthalen-2-y^ N- 
oxide 

[0500] In a similar manner to Example 37, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 1 .30-1 .40(3H,m), 2.30-4.70(8H,m), 5.47(1 H.br s), 7.40-7.80(8H,m), 7.92(1 H,s), 7.94(2H,s), 

8.26(2H,d,J=6.8Hz), 8.48(1 H,s). 

MS (FAB) m/z: 580 [(M+H) + p CI 35 ], 582 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C^H 26 CIN 3 0 6 S '1.3^0 


Calculated: 


C, 57.72; 


H, 4.78; 


N, 6.96; 




CI. 5.87; 


S, 5.31. 




Found: 


C, 57.99; 


H, 4.75; 


N, 6.56; 




CI, 5.98; 


S, 5.43. 





[Example 39] 4-[4-[[2-Carboxy-4^(6^hIoronaphthalen^ N-oxide 

[0501 ] In a similar manner to Example 3, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR(CDCI 3 ) 6: 2.30-4.50(6H,m), 5.22(1H,brs), 7.35-7.50(2H,m) t 7.70-7.90(6H,m), 8.19(1H,d,J=8.8Hz), 8.25- 
8.30(4H,m), 8.53(1H,s), 13.42(1H,br). 



Elementary analysis for 
C 2 7H22CIN 3 0 6 S • 0.2HCI • 1 .7H 2 0 


Calculated: 


C, 54.97; 


H, 4.37; 


N, 7.12; 




CI, 7.21; 


S, 5.44. 




Found: 


C. 55.07; 


H, 4.40; 


N, 6.82; 




CI, 7.16; 


S, 5.47. 





[Example 40] 2-Carbamoyl-4-[(E)-4<hlorostyrylsulfonyl]-[1-[4-{pyridin-4-yl)benzoyQpiperazine hydrochloride 2-Car- 
bamoyl-4-[[2-(4-chloropheny0-2-etho^ 

[0502] In a similar manner to Example 2 and 35, the reaction was conducted, whereby the titl compounds were 
obtained, respectively. 
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2- Carbamoyl -4-[(E)-4-chlorostyrylsuffonyt]-[1 -[4-(pyridin-4-yl)benzoy(}piperazin hydrochloride 
[0503] 

1 H-NMR (CD 3 OD) 6: 2.80-4.80(6H ( m), 5.32(1 H.br), 7.04(1 H,d.J=1 5.6Hz), 7.40-7.50(3H,m), 7.60-7.80(4H,m), 

7.95-8.05(2H,m), 8.20(2H,br), 8.81(2H,br). 

MS (FAB) m/z: 51 1 [(M+H) + , CI 35 ], 513 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C25H23CIN4O4S • 0.9HCI • 1 .8H 2 0 


Calculated: 


C, 52.11; 


H, 4.81; 


N, 9.72; 




CI, 11.69. 






Found: 


C. 52.28; 


H, 4.83; 


N, 9.44; 




CI. 11.51. 







2-Carbamoyl-4-[[2-(4-chloropheny1)-2-ethoxyet^ hydrochloride 
[0504] 

1 H-NMR (CD3OD) 6: 1.10-1.20(3H,m), 2.95-4.70(6H,m), 5.34(1H,br), 7.38(4H,s), 7.65-7.85{2H,m), 8.05- 
8.15(2H ( m), 8.40-8.50(2H,m), 8.91(2H,d,J=5.9Hz). 
MS (FAB) m/z: 557 [(M+H) + , CI 35 ], 559 [(M+H)\ CI 37 ]. 



Elementary analysis for 
CayHagCI^OgS • HCI • 2.5H 2 0 


Calculated: 


C, 50.78; 


H t 5.52; 


N, 8.77; 




CI, 11.10; 


S, 5.02. 




Found: 


C, 50.61; 


H, 5.38; 


N, 8.68; 




CI, 11.27; 


S, 5.07. 





[Example 41] 1 -[trans-4-(Aminomethyl)cydohexylmethy^ hydrochloride 

[0505] In a similar manner to Example 7, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 0.80-1 .00(4H,m) t 1.48(1H,m), 1.60-1.90(5H,m), 2.60(2H,m), 2.90-3.1 0(4H,m), 3.14(2H ( m), 
3.52(2H,m) t 3.77(2H 1 m), 7.75(1 H,dd,J=8.8,2.0Hz), 7.85(1 H,d,J=8.8Hz), 7.99(3H,br), 8.21(1H,d.J=8.8Hz), 8.30- 
8.40(2H,m), 8.56(1H,s). 10.46(1H,br). 
MS (FAB) m/z: 436 [(M+H)\ CI 35 ], 438 [(M+H) + , CI 37 ]. 



Elementary analysis for 




CaaHgOCINaOaS • 2HCI • 3/4H2O 


Calculated: 


C, 50.58; 


H, 6.46; 


N, 8.04; 




CI. 20.36; 


S. 6.14. 
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(continued) 



Elementary analysis for 




C^HaOCINaOaS . 2HCI • 3/4H 2 0 


Found: 


C, 50.74; 


H, 6.48; 


N, 7.76; 




CI, 20.09; 


S, 6.19. 





[Example 42] 1-[trans-4^AminomethyQcyclohexylca^ hydrochlo- 
ride 

[0506] In a similar manner to Example 7 except for the use of 1-[trans-4-(N-tert-butoxycarbonylaminome- 
thyl)cyclohexylcarbony!]-4-[(6<hloronaphthalen-2-yl)sulfonyI]piperazine as the raw material, the title compound was 
obtained. 

1 H-NMR (DMSO-d 6 ) 6: 0.90-1 .00(2 H,m), 1.20-1.40(2H,m), 1.48(1H,m), 1.50-1.70(2H,m), 1.70-1 .90(2H,m), 
2.44(1 H,m), 2.59(2H,m), 2.96(4H,m), 3.55 (4H,m), 7.72(1 H,dd,J=8.8,2.0Hz), 7.81(1H,d.J=8.3Hz), 7.90(3H,br), 
8.16(1H,d,J=8.8Hz), 8.20-8.30(2H,m), 8.49(1H,s). 
MS (FAB) m/z: 450 [(M+H) + , Q 35 ], 452 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C22H28CIN3O3S • 0.9HCI • 1 .5H 2 0 


Calculated: 


C, 51.83; 


H, 6.31; 


N, 8.24; 




CI, 13.21; 


S, 6.29. 




Found: 


C. 51.63; 


H, 6.22; 


N, 7.97; 




CI, 13.32; 


S, 6.17. 





[Example 43] 1 -[N-[trans-4-(Aminomethyl)cyclohexylcato 
hydrochloride 

[0507] In a similar manner to Example 7 except for the use of 1-[N-[trans-4-(N-tert-butoxycarbonylaminome- 
triyl)cyclohexylcarbonyi]glycyOH-[(6^ as the raw material, the reaction was 

conducted, whereby the title compound was obtained. 

1 H-NMR(DMSO-d 6 ) 6: 0.80-1 .00(2H,m), 1.20-1 .40(2H,m), 1.50(1H,m), 1 .60-1 .80(4H,m), 2.10(1 H,m), 2.62(2H,m), 
2.90-3. 10(4H,m), 3.40-3.60(4H,m), 3.83(2H,d,J=5.4Hz), 7.70-7. 90(3H,m), 7.93(3H,br), 8.17(1H,d,J=8.3Hz), 8.20- 
8.30(2H,m) t 8.49(1 H,s). 

MS (FAB) m/z: 507 [(M+H) + , CI 35 ], 509 [(M+H)+, CI 37 ]. 



Elementary analysis for C24H 31 aN40 4 S • HCI 


Calculated: 


C. 53.04; 


H, 5.93; 


N, 10.31; 




CI, 13.05; 


S. 5.90. 




Found: 


C, 52.90; 


H, 5.98; 


N, 10.29; 




CI, 12.98; 


S, 5.91. 
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[Example 44] 1-[trans-4-(Amin methyl)cyclohexylcarbonyO^ 
hydrochloride 

[0508] In a similar manner to Example 7 except for the use of 1-[trans-4-(N-tert-butoxycarbonyiaminome- 
thyl)cycl(^exy1carbonyl]-4-[(6<h^ as the raw material, the title compound 

was obtained. 

1 H-NMR (DMSO-de) 6: 0.90-1. 10(2H,m), 1.30-1.50(2H,m), 1.50-1.90(7H,m), 2. 40-2. 80(3 H,m), 3.20-3.70(8H,m) ( 
7.60-7.70(1 H,m), 7.80-8.00(4H,m), 8.1 0-8.20(1 H,m), 8.20-8.30(2H,m), 8.52 and 8.53(1 H, each s). 
MS (FAB) m/z: 464 [(M+H) + , CI 35 ], 466 [(M+H) + , CI 37 ]. 



Elementary analysis for C23H 30 CIN3O 3 S • HCI 



Calculated: 


C, 55.20; 


H, 6.24; 


N. 8.40; 




CI, 14.17; 


S, 6.41. 




Found: 


C, 55.42; 


H, 6.18; 


N, 8.26; 




CI, 14.11; 


S, 6.53. 





[Example 45] 1-[4-(Aminomethyl)benzoy1]-4-[(6-chloronaphthafen-2-yl)sulfonyl]piperazine hydrochloride 

[0509] In a similar manner to Example 7 except for the use of 1 -[4-(N-tert-butoxycarbonylaminomethyl)benzoyl]-4- 
[(6-chloronaphthalen-2-y1)sulfony0piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 3.00-3.20(4H,br), 3.30-3.80(4H,br), 4.03(2H,s), 7.37(2H,d,J=7.3Hz), 7.50(2H,d.J=7.3Hz), 
7.72(1 H,d,J=8.8Hz), 7.82(1 H,d 1 J=8.8Hz), 8.18(1H,d ( J=8.8Hz) ( 8.20-8.40(2H,m) ( 8.43(3H,br), 8,49(11^5). 
MS (FAB) m/z: 444 [(M+H) + , CI 35 ], 446 [(M+H)\ CI 37 ]. 



Elementary analysis for 
C22H22CIN3O3S • HCI • H 2 0 


Calculated: 


C, 53.02; 


H, 5.06; 


N, 8.43; 




CI, 14.23; 


S. 6.43. 




Found: 


C, 53.06; 


H, 5.30; 


N, 8.32; 




CI, 14.20; 


S, 6.44. 





[Example 46] 1-[3-(Aminomethyl)benzoyl]-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine hydrochloride 

[0510] In a similar manner to Example 3 except for the use of methyl 3-(N-tert-butoxycarbonylaminomethyl)ben- 
zoate as the raw material, the ester was hydrolyzed. The reaction was then effected as in Examples 4 and 7, whereby 
the title compound was obtained. 

1 H-NMR (DMSO-de) 5: 3.07(4H,br), 3.20-3.80(4H,br), 4.00(2H,s), 7.30-7.60(4H,m), 7.73(1 H,d,J=8.8Hz), 

7.83(1 H,d,J=8.8Hz), 8.10-8.60(7H,m). 

MS (FAB) m/z: 444 [(M+H) + , CI 35 ], 446 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C22H22CIN303S • HCI • I/4H2O 


Calculated: 


C, 54.49; 


H, 4.88; 


N, 8.67; 




CI, 14.62; 


S, 6.61. 




Found: 


C, 54.64; 


H, 4.95; 


N f 8.52; 




CI. 14.59; 


S, 6.70. 





[Example 47] 1-[(6<)hloronaphthalen-2-yl)sulfor^ hydrochlo- 
ride 

[051 1 ] In dimethylformamide (2 ml), 2-methoxy-1 -pyrroline (35 mg) was dissolved, followed by the addition of 1 -[3- 
(aminomethy0benzoyfl^-[(6-chloro^ hydrochloride (0.10 g) and triethylamine (44 

The resulting mixture was stirred at room temperature for 3 days. After the reaction mixture was concentrated under 
reduced pressure, the concentrate was diluted with methanol, followed by the addition of 1 N hydrochloric acid. The sol- 
vent was then distilled off under reduced pressure. The residue was purified by gel permeation chromatography 
("Sephadex LH-20", 0 15 x 300 mm, methanol), followed by solidification in a mixed solvent of methanol and ether, 
whereby a colorless solid (0.1 1 g, 91%) was obtained. 

1 H-NMR (DMSO-dg) 6: 2.04(2H,m), 2.81(2H,t.J=7.8Hz), 3.18(4H,br), 3.20-3.80(5H,m), 4.10(1 H,br), 
4.51(2H,d,J=5.9Hz), 7.30-7.50(4H,m), 772(1 H ( dd,J=8.8,2.0Hz), 7.82(1 H,d ( J=8.8Hz), 8.18(1H,d,J=8.8Hz), 8.20- 
8.30(2H,m), 8.50(1 H.s), 10.01(1H,t,J=5.9Hz), 1 0.06(1 H,s). 
MS (FAB) m/z: 51 1 [(M+H) + , CI 35 ], 513 [(M+H)\ CI 37 ]. 



Elementary analysis for 
C26H27CIN4O3S • HCI • CH3OH • 4/5H 2 0 


Calculated: 


C, 54.60; 


H, 5.70; 


N, 9.43; 




CI, 11.94; 


S, 5.40. 




Found: 


C, 54.84; 


H, 5.47; 


N f 9.13; 




CI, 11.86; 


S, 5.48. 





[Example 48] H4-(2-Aminoethyl)benzoy0-4-[(6<hloronapr^ hydrochloride 

[0512] In a similar manner to Example 7 except for the use of 1-[4K2-(tert-butoxycarbonylamino)ethyl]benzoyl]-4- 
[(6-chloronaphthalen-2-yl)sulfonyQpiperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 2.90-3.20(8H,m), 3.40-3.90(4H,br), 7.28(4H,S), 7.72(1 H,dd,J=8.8,2.4Hz), 
7.81(1 H,dd,J=8.8,2.0Hz), 8.02(3H,br), 8.17(1H,d.J=8,3Hz), 8.20-8.30(2H,m) ) 8.49(1 H f s). 
MS (FAB) m/z: 458 [(M+H) + , CI 35 ], 460 [(M+H) + , CI 37 ]. 



Elementary analysis for 




C23H 2 4CIN 3 03S • HCI • I/2CH3OH * 


1/2H 2 0 


Calculated: 


C, 54.34; 


H, 5.43; 


N, 8.09; 




CI, 13.65; 


S, 6.17. 
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(continued) 



Elementary analysis for 




C23H24CIN3O3S • HCI • I/2CH3OH • 


1/2H 2 0 


Found: 


C, 54.43; 


H, 5.26; 


N, 7.92; 




Q, 13.58; 


S. 6.24. 





[Example 49] 1 -[[(6RS)-6-Aminometrryl-5.6,7,8-tetrahydronapn^ 
nyijpiperazine hydrochloride 

[0513] In a similar manner to Example 7 except for the use of 1-[[(6RS)-6-(N-tert-butoxy<*rbonyl^ 
5,6J,8-tetrahydronaplrthalen-2-yflc^ as the raw material, the 

title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.30-1 .50(1 H,m), 1.90-2.10(2H,m), 2.40-2.60(1 H,m), 2.60-3.00(5H,m), 3.03(4H,m), 3.40- 
3.80(4H,br) 7.00-7. 10(3H,m), 7.73(1 H,dd.J=8.8.2.0Hz), 7.81 (1 H,dd,J=8.8, 1 .5Hz), 8.05(3H,br), 
8.18(1H,d,J=8.3Hz). 8.20-8. 30(2 H,m) ( 8.49(1H,s). 
MS (FAB) m/z: 498 [(M+H) + , CI 35 ], 500 [(M+H) + , CI 37 ]. 



Elementary analysis for 
CaeHasCINsOaS • HCI • 3V2H 2 0 



Calculated: 


C, 55.61; 


H t 5.74; 


N. 7.48; 




CI, 12.63; 


S, 5.71. 




Found: 


C, 55.64; 


H, 5.53; 


N, 7.77; 




CI. 12.79; 


S. 5.76. 





[Example 50] 1 -fl(6RS)-6-Aminomethyl-5,6,7 ( 8-tefrahydro 
nyijpiperazine hydrochloride 

[0514] In a similar manner to Example 7 except for the use of 1-[[(6RS)-6-(N-tert-butoxycarbonylaminomethyr)- 
5,6 J,8-tetrahydronaphtnalen-2-y0methy^ as the raw material, the title 

compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.30-1. 50(1 H,m), 2.00-2.10(2H,m), 2.40-2.60(1 H,m), 2.60-3.00(7H,m), 3.00-3.20(2H,m), 
3.30-3.50(2H,m), 3.82(2H,m), 4.22(2H t br), 7.00-7. 1 0(1 H.m), 7.25(2H,s). 7.73(1 H,dd,J=8.8.2.4Hz), 
7.81(1H l dd,J=8.8,1.5Hz), 8.00-8.40(6H,m) f 8.52(1 H,s), 11.08(1H,br). 
MS (FAB) m/z: 484 [(M+H) + , CI 35 ], 486 [(M+H) + , CI 37 ]. 



Elementary analysis for C26H30CIN3O2S * 2HCI 


Calculated: 


C, 56.07; 


H, 5.79; 


N. 7.54; 




CI, 19.10; 


S f 5.76. 




Found: 


C, 56.04; 


H, 5.79; 


N, 7.52; 




CI, 18.95; 


S, 5.80. 
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[Example 51] 1-[[(2RS)-6-Aminomethyl-1,2 t 3 t 4-tetrahydr naphthaIen-2-yl]methyl]-4-[(6-chloronaphtha)en-2-yOsulfo- 
nyi]piperazine hydrochloride 

[0515] In a similar manner to Example 7 except for the use of 1-[[{2RS)-6-(N-tert-butoxycarbonylaminomethyl)- 
1,2,3,4-tetrahydronaphthalen-2-y0^ as the raw material, the title 

compound was obtained. 

1 H-NMR (DMSO«J 6 ) 6: 1.30-1 .50(1 H,m), 2.00-2.20(1 H,m), 2.20-2.40(1 H,m), 2.40-2.60(1 H,m), 2.75(2H,m), 2.90- 
3.30(7H,m), 3.60-3. 70(2 H,m), 3.70-4.00(4H,m), 7.04(1 H,d,J=7.8Hz), 7.1 0-7.30(2 H,m), 7.74(1 H,m), 
7.86(1 H,d,J=8.8Hz), 8.20-8.50(6Km), 8.56(1 H,s), 1 0.69(1 H.br). 
MS (FAB) m/z: 484 [(M+H) + , CI 35 ], 486 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C26H30CIN3O2S • 2HCI • 1/2H 2 0 


Calculated: 


C. 55.18; 


H, 5.88; 


N, 7.42; 




CI, 18.79; 


S, 5.66. 




Found: 


C, 55.34; 


H, 5.70; 


N, 7.31; 




CI, 18.76; 


S. 5.85. 





[Example 52] 1-[[(2RS)-6-Aminomethyl-1.2,3,4-tetrahydronaptt^ 
nyl]piperazine hydrochloride 

[0516] In a similar manner to Example 7 except for the use of 1-n(2RS)-6-(N-tert-butoxycarbonyiaminom 
1,2,3,4-tetrahydronaphthalen-2-y0car1^ as the raw material, the 

title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.55(1H,m), 1.80-1. 90(1 H,m), 2.60-2.90(4H,m), 2.90-3. 10(5H,m), 3. 50-3.80 (4H,m), 
3.90(2H,s), 7.05(1 H,d.J=7.8Hz) ( 7.10-7.20(2H,m), 7.71(1H,d,J=8.8Hz), 7.82(1 H,d,J=8.3Hz), 8.10-8.40(6H,m), 
8.50(1 H,s). 

MS (FAB) m/z: 498 [(M+H) + , CI 35 ], 500 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C26H28CIN3O3S • 1 .2HCI • 0.8H 2 O 


Calculated: 


C, 56.15; 


H, 5.58; 


N, 7.55; 




CI, 14.02; 


S, 5.76. 




Found: 


C, 55.93; 


H, 5.22; 


N, 7.37; 




CI, 14.26; 


S ( 5.70. 





[Example 53] 1-[(7-Aminomethylnaphthalen-2-yl)carb^ hydrochlo- 
ride 

[051 7] In a similar manner to Example 7 except for the use of 1 -[[7-N-tert-butoxycarbonylarrtinomethyl)naphthalen- 
2-yl]carbonyl]-4-[(6-chloronaphthalen-2-y0sulfonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 3.10(4H,br), 3.30-3. 90(4H,br), 4.18(2H,s). 7.46(1 H,d,J=8.8Hz), 7.69(1 H,d.J=8.8Hz), 
7.73(1 H,d,J=8.8Hz), 7.83(1 H,d,J=8.8Hz), 7.89(1H,s), 7.90-8.00(3H,m), 8.19(1H,d,J=8.8Hz), 8.20-8.30(2H,m), 
8.50(4H,br s). 

MS (FAB) m/z: 494 [(M+H) + . CI 35 ], 496 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C2 6 H 2 4CIN 3 03S • HCI • 3/4H 2 0 


Calculated: 


C, 57.41; 


H, 4.91; 


N, 7.72; 




CI, 13.03; 


S. 5.89. 




Found: 


C, 57.40; 


H, 4.87; 


N, 7.71; 




CI, 13.09; 


S, 5.89. 





[Example 54] 1-[(7-Amirramethy1naphthalen-2^ hydrochloride 

[051 8] In a similar manner to Example 7 except for the use of 1 -[[7-N-tert-butoxycarbonylaminomethyl)naphthalen- 
2-y1]methyTJ^-[(6-chIoronaphthalen-2-yf)suffonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-dg) & 2.92(2H,m), 3.22(2H,m), 3.83(2H,m), 4.20(2H,d,J=5.4Hz), 4.51(2H,br), 7.60-7.90(4H,m), 
7.90-8.40(7H,m), 8.52(1 H,s). 8.57(3H,br), 11.52(1H,br). 
MS (FAB) m/z: 480 [(M+H) + , CI 35 ], 482 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 26 H2 6 CIN 3 0 2 S • 2HCI • 1/4H 2 0 


Calculated: 


C ( 56.02; 


H, 5.15; 


N t 7.54; 




CI, 19.08; 


S, 5.75. 




Found: 


C, 55.88; 


H, 5.45; 


N, 7.34; 




CI, 18.90; 


S, 5.69. 





[Example 55] 1-[(6-AminomethylnaplTthalen-2-yncaito hydrochlo- 
ride 

[0519] In a similar manner to Examples 3, 4 and 7 except for the use of 2-(N-tert-butoxycarbonylaminomethyl)-6- 
methoxycarbonylnaphthalene as the raw material, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (DMSOd 6 ) 3.09(4H,br), 3.40-3.90(4H,br), 4.19(2H,s), 7.47(1 H,d,J=8.3Hz) f 7.66(1 H,d.J=8.3Hz), 
7.73(1 H,d,J=9.3Hz), 7.83(1 H,d,J=8.8Hz), 7.90-8.1 0(4H,m), 8.19(1 H,d,J=8.8Hz), 8.20-8.30(2H,m), 8.40- 
8.60(4H,m). 

MS (FAB) m/z: 494 [(M+H) + , CI 35 ]. 496 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C26H24CIN3O3S • HCI • 3/4H 2 0 • 1/5Et 2 0 


Calculated: 


C. 57.60; 


H, 5.14; 


N. 7.52; 




CI, 12.69; 


S, 5.74. 




Found: 


C. 57.64; 


H, 5.10; 


N, 7.12; 




CI, 12.69; 


S, 5.82. 
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[Example 56] 1-[(6-Ch!or naphthalen-2-yl]sutf nyl]-4-[4-[[(3S)-pyrro!idin-3-yl]oxy]benzoy)lpipera2ine hydrochloride 

[0520] In a similar manner to Example 7 except for the use of 1-[4-[[(3S)-1-tert-butoxycarbonylpyrrolidin-3- 
yl]Qxy]benzoyf]-4-[(6-ch!oronaphthalen-2- yt)sulfonyf]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSOkIs) &: 2.05-2.25(21^), 3.00-3.10(4H,m), 3.20-3.70(8H,m), 5.16(1H,br s), 6.95(2H,d,J=8.8Hz), 
7.31(2H,d.J=8.3Hz), 7.70-7.75(1 H,m), 7.82(1 H,dd,J=8.5,1.7Hz), 8.18(2H,d.J=8.8Hz), 8.20-8.30(2H,m), 
8.50(1 H,s). 

MS (FAB) m/z: 500 [(M+H) + , CI 35 ], 502[(M+H) + , CI 37 ]. 

[Example 57] 1-[(6-Chlororiaphthalen-2-y0su!fonyn^ hydrochloride 

[0521] In a similar manner to Example 56 except for the use of 1-[3-[I(3S)-1-tert-butoxycarbonylpyrrolidin-3- 
yt]Qxy]benzoyQ-4-[(6<hloronaphthalen-2-y1)sulfonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 2.00-2.20(2H ( m), 2.95-3. 15(4H,m), 3.20-3.80(8H,m), 5.1 1(1H,br s), 6.90-6.95(3H.m), 7.00- 
7.05(1H,m), 7.30-7.35(1 H,m), 7.72(1 H.dd, J =8.8,2.0 Hz), 7.81(1H,dd,J=8.5,1.7Hz), 8.18(2H,d.J=8.8Hz), 8.25- 
8.30(2H,m), 8.50(1 H,s). 

MS (FAB) m/z: 500 [(M+H)\ CI 35 ]. 502 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 25 H26CIN30 4 S • HCI • H 2 0 


Calculated: 


C, 54.15; 


H, 5.27; 


N, 7.58; 




CI, 12.79; 


S, 5.78. 




Found: 


C, 53.84; 


H. 5.19; 


N, 7.33; 




CI, 12.72; 


S, 5.86. 





[Example 58] 1-[(6-Ch1oronaphthalen-2-ynsulfonyQ-4^ hydrochloride 

[0522] In a similar manner to Example 56 except for the use of 1-[4-[[(3R)-1-tert-butoxycarbonylpyrrolidin-3- 
yQoxy]benzoyl]-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 2.05-2.25(2H,m), 3.00-3.10(4H,m), 3.20-3.70(8H,m), 5.16(1H,br s), 6.96(2H,d.J=8.8Hz), 
7.31(2H,d,J=8.8Hz), 7.74(1 H ( dd ( J=8.8.2.0Hz), 7.82(1 H ,dd, J =8.8, 1.5Hz), 8.18(1H,d l J=8.8Hz), 8.25-8.30(2H,m), 
8.50(1 H,s). 

MS (FAB) m/z: 500 [(M+H)\ CI 35 ], 502 [(M+H) + , CI 37 ]. 



Elementary analysis for 
CasHaeCINaC^S • 1 .2HCI • 0.8H 2 O 



Calculated: 


C, 53.80; 


H, 5.20; 


N, 7.53; 




CI. 13.97; 


S, 5.74. 




Found: 


C, 53.84; 


H, 5.05; 


N, 7.51; 




CI, 13.79; 


S, 5.74. 





[Example 59] 1-[(6-Chloronaphthalen-2-yl]sulfonyl]-4-[3-[[(3R)-pyrroIidin-3-yl]oxy]benzoyl]piperazine hydrochloride 

[0523] In a similar manner to Example 56 except for the use of 1-[3-[[(3R)-1-tert-butoxycarbonyIpyrr lidin-3- 
yl]oxy]benzoy0-4-[(6<hloror^hthalen-2-yl)su!fonyl]piperazine as the raw material, the title compound was obtained. 
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1 H-NMR (DMSOd 6 ) 6: 2. 00-2.20(2 H,m), 2.95-3.15(4H ( m) l 3.20-3.80(8H,m) t 5.11(1H,brs), 6.90-6.95(2^^1), 7.00- 
7.05(1H,m), 7.30-7.35(1 H,m), 7.74(1 H,dd,J=8.8.2.0Hz), 7.82(1 H,dd,J=8.8 i 1 ,5Hz), 8.18(2H,d,J=8.8Hz) t 8.25- 
8.30(2H,m), 8.50(1 H,s). 

MS (FAB) nVz: 500 [(M+H) + , CI 35 ], 502 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 25 H 26 aN 3 04S-HCI-H 2 0 



Calculated: 


C, 54.15; 


H, 5.27; 


N, 7.58; 




Q, 12.79; 


S, 5.78. 




Found: 


C, 53.91; 


H, 5.14; 


N, 7.37; 




CI, 12.62; 


S. 5.67. 





[Example 60] 1-[4-(2-Aminopyrimidin-5-y1)benzoyn-^ hydrochloride 

[0524] In a similar manner to Example 4 except for the use of 4-(2-amino-5-pyrimidyl)benzoic acid and 1 -[(6-chlo- 
ronaphthalen-2-yl]sulfonyf]piperazine hydrochloride as the raw materials, the reaction was conducted, whereby the title 
compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.06(4H,br), 3.56 and (each 2H,br), 4.70-5.45(3H,br), 7.40(2H.d,J=8.8Hz), 
7.67(2H,d,J=8.8Hz), 7.73(1 H.dd, J =8.8.2.0 Hz), 7.82(1 H,d,J=8.8Hz), 8.18(1 H,d,J=8.8Hz), 8.27(1H,s), 
8.28(1 H,d,J=8.8Hz), 8.50(1 H.s). 8.72(1 H,s). 
MS (FAB) m/z: 508 [(M+H) + , CI 35 ], 510 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 2 5H22CIN^0 3 S • 1 .1HCI • 0.7H 2 O 


Calculated: 


C, 53.55; 


H, 4.40; 


CI, 13.28; 




N, 12.49; 


S. 5.72. 




Found: 


C. 53.59; 


H, 4.58; 


CI, 13.02; 




N, 12.58; 


S, 5.89. 





[Example 61] 1-[(6-Chloronaphthalen-2-yl]surfonyl]-4-[(piperidin-4-yl)acetyl]piperazine hydrochloride 

[0525] In a similar manner to Example 7 except for the use of 1 -[(1 -tert-butoxycarbonylpiperidin-4-yr)acetyi]-4-[(6- 
chloronaphthalen-2-yl]sutfonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSCKie) 6: 1.25(2H,m), 171(2H,m), 1.87(1H,m), 2.20(2H,d,J=6.8Hz), 2.78(2H,br), 2.96(4H,br s). 
3.14(2H,m), 3.52(4H,br s), 4.02(2H,br), 7.73(1 H,dd,J=88,2.0Hz), 7.81(1H l d,J=8.8Hz) i 8.17(1H,d,J=8.8Hz), 
8.28(1 H,d,J=8.8Hz), 8.26(1H,s), 8.50(1H.s), 8.54(1H,br), 8.75(1H,br). 
MS (FAB) m/z: 436 [(M+H) + , CI 35 ], 438 [(M+H) + , CI 37 ]. 



Elementary analysis for 




C^ H^CI^C^S • 1 . 1 HCI • 1 . 1 H 2 0 


Calculated: 


C, 50.86; 


H, 5.96; 


Q. 15.01; 




N, 8.47; 


S, 6.47. 
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(continued) 



Elementary analysis for 




H^CINsOaS • 1 . 1 HCI • 1 . 1 H 2 0 


Found: 


C. 51.07; 


H, 5.74; 


CI, 14.75; 




N, 8.36; 


S. 6.50. 





[Example 62] 1-[(6-Chloronaphthalen-2-yQsutfonyO^ hydrochloride 

[0526] In a similar manner to Example 7 except for the use of 1-[3-(1-tert4xitoxycarbortylpiperidin-4-yl)propionyf]- 
4-[(6-chloronaphthalen-2-yl]sulfony1]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (CD 3 OD)6: 1.29(2H,m), 1.50(1H,m), 1.51(2H t m), 1.89(2H,m), 2.36(2H ( m), 2.88(2H,m), 3.08(4H,m), 
3.64(4H,m), 4.04 (2H,br), 7.58(1 H,dd,J=8.8,2.0Hz), 7.82(1 H,dd,J=8.8,2.0Hz), 8.05(1 H f d,J=8.8Hz), 8.06(1 H,s), 
8.09(1 H,d ( J=8.8Hz), 8.42(1 H,s). 
MS (FAB) m/z: 450 [(M+H) + , CI 35 ], 452 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C22H28CIN3O3S • 1 .8HCI • 0.9H 2 O 


Calculated: 


C, 49.68; 


H, 5.99; 


CI, 18.66; 




N, 7.90; 


S, 6.03. 




Found: 


C, 49.45; 


H, 5.70; 


CI, 18.63; 




N, 7.72; 


S, 6.04. 





[Example 63] 1-[(6-Chloronaphthalen-2-y0sulfonyl]-4-[(E)-3-{pyridin-3-yl) propenoyl]piperazine hydrochloride 

[0527] In a similar manner to Example 4 except for the use of (E)-3-(3-pyridyi)acrylic acid and 1 -[(6-chloronaphtha- 
len-2-yl)sulfonyl]piperazine hydrochloride as the raw materials the title compound was obtained. 

1 H-NMR (DMSO<i 6 ) 8: 3.03(4H,m), 3.69(2H,br), 3.85(2H,br), 7.51 (2H,s), 7.70(1 H,dd,J=8.8,2.0Hz), 

7.83(1 H,dd ( J=8.8,2.0Hz), 7.89(1 H.dd, J=7.8,5.4Hz), 8. 1 6(1 H l d.J=8.8Hz), 8.22( 1 H,d, J=2.0Hz), 
8.26(1 H,d,J=8.8Hz), 8.51 (1H,s), 8.67(1 H,d,J*7.8Hz), 8.77(1 H,d,J=5.4Hz), 9.13(1H,s). 
MS (FAB) m/z: 442 [(M+H)\ CI 35 ], 444 [(M+H)\ CI 37 ]. 



Elementary analysis for 
C 22 H2oCIN 3 03S • HCI • 1/4H 2 0 



Calculated: 


C, 54.72; 


H 4.49; 


N, 8.70; 




CI, 14.63; 


S ( 6.64. 




Found: 


C, 54.81; 


H, 4.43; 


N, 8.54; 




CI, 14.68; 


S. 6.74. 





[Example 64] l-[(6-Chlororiaphthalen-2-ynsulfonyQ-4^(E)^pyridin^-yl)propenoyl]piperazine hydrochloride 

[0528] In a similar manner to Example 4 except for the use of (E)-3-(4-pyridy!)acrytic acid and 1 -[(6-chloronaphtha- 
len-2-yl)sulfonyQpiperazine hydrochloride as the raw materials, the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 8: 3.03(4H,m), 3.68(2H,br), 3.82(2H,br), 5.76(1H,s). 7.48(1 H,d.J=1 5.1 Hz), 
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7.65(1H,d,J=15.1Hz), 7.72(1 H,dd,J=8.8,2.0Hz), 7.83(1 H.dd, J =8.8.2. 0Hz), 8.11(2H ( br s), 8.16(1H,d,J=8.8Hz), 
8.24(1 H,s), 8.27(1 H,d,J=8.8Hz), 8.52(1 H,s). 8.82(2H,d.J=5.9Hz). 
MS (FAB) m/z: 442 [(M+H)+, CI 35 ], 444 [(M+H) + , CI 37 J. 



Elementary analysis for 
C 2 2H2oaN 3 03S • HQ • 1/5H 2 0 


Calculated: 


C, 54.82; 


H t 4.48; 


a, 14.71; 




N, 8.72; 


S, 6.65. 




Found: 


C, 54.77; 


H, 4.41; 


CI, 14.71; 




N, 8.50; 


S, 6.77. 





[Example 65] 1-[(6-Chloronaphthalen-2-yqsutfonyl]-4-[(pyridin-4-yl)acetyI]piperazine hydrochloride 

[0529] In a similar manner to Example 4 except for the use of 4-pyridylacetic acid hydrochloride and 1 -[(6-chloro- 
naphthalen-2-yl)sulfbnyl]piperazine hydrochloride as the raw materials, the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.99(2H,br), 3.04(2H p br) ( 3.57(2H,br) ( 3.62(2H,br), 4.00(2H,s), 7.71(2H,d,J=5.9Hz), 

7.74(1 H,dd,J=8.8,3.0Hz), 7.83(1 H.dd, J=8.8,2.0Hz), 8.1 8(1 H,d,J=8.8Hz), 8.27(1 H,s), 8.29(1 H,d,J=8.8Hz), 
8.53(1 H,s). 8.72(2H,d,J=5.9Hz). 
MS (FAB) m/z: 430 [(M+H) + , CI 35 ], 432 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C^H^CINaOaS • HCI • 0.3H 2 O 


Calculated: 


C, 53.46; 


H. 4.61; 


CI, 15.03; 




N, 8.91; 


S, 6.80. 




Found: 


C, 53.28; 


H, 4.49; 


CI, 15.18; 




N, 8.91; 


S, 6.75. 





[Example 66] 1-[(6-Chloronaphthalen-2-yl]sulfonyl]-4-[4-[(3RS)-pyrrolidin-3-yl)benzoyl]p!perazine hydrochloride 

[0530] In a similar manner to Example 7 except for the use of 1 -[4-[(3RS)-1 -tert-butoxycarbonylpyrrolidin-3-yl]ben- 
zoyl]-4-[(6-chloronaphthalen-2-yl)sulfonyI]piperaztne as the raw materials, the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 1.85-1. 95(1 H,m), 2.30-2.40(1 H,m), 3.00-3.90(13H,m), 7.72(1 H,dd,J=8.6,2.2Hz), 
7.80(1 H,dd.J=8.8 t 2.0Hz), 7.29(2H,d,J=8.3Hz) t 7.35(2H,d,J=8.3Hz), 8.18(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 
8.49(1 H,s). 

MS (FAB) m/z: 484 [(M+H) + , CI 35 ], 486 [(M+H) + , CI 37 ]. 



Elementary analysis for 




Css^CINaOaS- 


HCI-3/2H 2 0 


Calculated: 


C, 54.84; 


H, 5.52; 


N t 7.67; 




0, 12.95; 


S. 5.86. 
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(continued) 



Elementary analysis for 




C 2 5H2 6 CIN 3 03S • HCI • 3/2H 2 0 


Found: 


C, 55.00; 


H, 5.53; 


N, 7.48; 




CI, 13.23; 


S. 5.97. 





[Example 67] 1-[(6-Chloronaphthalen-2-yl]sulfonyO-4^^ hydrochloride 

[0531 ] In 4N hydrochloric acid, methyl 7-isoquinolinecarboxylate (206 mg) was dissolved, followed by heating under 
reflux for 4 hours. In a similar manner to Example 4 except for the use of the residue obtained by distilling off the solvent 
under reduced pressure and 1-[(6-chloronaphthalen-2-yf)sulfonyl]piperazine hydrochloride as the raw materials, the 
reaction was conducted, whereby the title compound (298 mg, 62%) was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.95-3.25(4H,m), 3.40-3.60(2H,m), 3.70-3.90(2H,m), 7.73(1 H,dd,J=8.8,2.0Hz), 
7.84(1 H,d,J=8.8Hz), 8.05(1 H,d,J=7.3Hz), 8.20(1 H,d,J=8.8Hz), 8.25-8.35(3H,m), 8.41(1 H,d,J=6.4Hz), 8.450H.S), 
8.52(1 H.s), 8.71(1H,d ( J=6.4Hz), 9.79(1 H,s). 
MS (FAB) m/z: 465 [(M+H) + , CI 35 ], 467 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H20CIN3O3S • HCI *2.2H 2 0 


Calculated: 


C, 53.18; 


H, 4.72; 


N, 7.75; 




CI, 13.08; 


S, 5.92. 




Found: 


C, 53.11; 


H, 4.70; 


N, 7.60; 




CI, 13.01; 


S. 6.16. 





[Example 68] 1-[(6-Chloror^hthalen-2-y0sulfonyl]-4-[(quinolyl-2-yf)carbony1]piperazine hydrochloride 

[0532] tn a similar manner to Example 4 except for the use of quinoline-2-carboxylic acid and 1 -[(6-chloronaphtha- 
len-2-yl)sulfonyl]pjperazine hydrochloride as the raw materials, the reaction was conducted, whereby the title com- 
pound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.05(2H,m), 3.17(2H,m), 3.62(2H,m), 3.83(2H,m), 7.61(1H,d.J^8.3Hz) t 7.60 -7.80 (2H,m), 
7.80-7.90(2H,m), 7.95(1 H,d,J=8.3Hz), 8.00(1 H,d, J=7.3Hz), 8.1 8(1 H,d, J=8.8Hz), 8.20-8.40(2H,m), 
8.43(1 H,d,J=8.3Hz), 8.51 (1H,s). 



Elementary analysis for C24H20CIN3O3S 


Calculated: 


C, 61.87; 


H, 4.33; 


N, 9.02; 




CI, 7.61; 


S. 6.38. 




Found: 


C, 61.76; 


H, 4.20; 


N, 8.73; 




CI, 7.65; 


S, 6.99. 





[Example 69] 1-[(6-Chloronaphthalen-2-yl]sulfony^^ hydrochloride 

[0533] In a similar manner to Example 4 except for the use of 4-hydroxyquinoline-2-carboxylic acid and 1 -[(6-chlo- 
ronaphthalen-2-yl)sutf nyl]piperazine hydrochl ride as the raw materials, th reaction was conducted, whereby the title 
compound was obtained. 



117 



EP 1 031 563 A1 



1 H-NMR (DMSO-dg) 8: 3.00-3.30(4H,br), 3.53(2H,br), 3.77(2H,br), 6.45(1 H,s), 7.48(1 H,tJ=7.3Hz), 7.70- 

7.90(4H,m), 8.10-8.40(4H,m), 8.52(1 H,s). 

MS (FAB) m/z: 482 [(M+H) + , a 35 ], 484 [(M+H)+, CI 37 ]. 



Elementary analysis for 
C 2 4H2oCIN 3 04S • 9/10HCI • iy3CH 3 OH • 3/21^0 



Calculated: 


C, 52.90; 


H, 4.60; 


N, 7.61; 




CI, 12.19: 


S ( 5.80. 




Found: 


C. 53.17; 


H, 4.59; 


N t 7.39; 




CI, 12.31; 


S. 6.07. 





[Example 70] 1-[(6-Chloronaphthalen-2-yl]sulfonyl]-4^ hydrochloride 

[0534] In a similar manner to Example 4 except for the use of 8-hydroxyquinoline-7-carbaxylic acid and 1 -[(6-chlo- 
roriaphthalen-2-yl)sutfonyl]piperazine hydrochloride as the raw materials, the reaction was conducted, whereby the title 
compound was obtained. 

1 H-NMR (DMSOd 6 ) 8: 2.90-3.30(4H,br), 3.35(2H,br), 3.79(2H,br), 7.39(1 H,d,J=8.3Hz), 7.53(H,d,J=8.3Hz), 7.60- 
7.90(3H,m), 8.10-8.40(3H,m), 8.50(1 H,s), 8.60(1 H,d,J=7.8Hz), 8.96(1 H,d,J=4.4Hz). 
MS (FAB) m/z: 482 [(M+H) + , CI 35 ], 484 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H20CIN3O4S • HCI • CH3OH • 1/4H 2 0 



Calculated: 


C, 54.11; 


H, 4.63; 


N, 7.57; 




CI, 12.78; 


S, 5.78. 




Found: 


C, 54.40; 


H, 4.84; 


N, 7.66; 




CI, 13.04; 


S. 5.99. 





[Example 71] 1-[(Benzimidazol-5-y0cart»nyl]-4-[(6^ hydrochloride 

[0535] In a similar manner to Example 3 f 4 or 10 except for the use of methyl N-triphenylmethyl-5-benzimidazole- 
carboxyiate and 1-[(6-chloronaphthalen-2-yt)suffonyf]piperazine hydrochloride as the raw materials, the reaction was 
conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 3.08(4H.br), 3.30-4.00(4H,br), 7.48(1 H,d.J=8 ( 3Hz), 7.60-7.90(4H,m), 8.10-8.30(3H,m), 
8.50(1 H,s), 9.51 (1H,s). 

MS (FAB) m/z: 455[(M+H) + , CI 35 ], 457 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C2 2 H 19 CIN403S • HQ • 5/4H z O 



Calculated: 


C. 51.42; 


H.4.41; 




Cl f 13.80; 


S. 6.24. 
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Elementary analysis for 




C22H 19 CIN 4 03S • HCI • 5/4H2O 


Found: 


C, 51.53 


H, 4.40; 


N, 10.71; 




CI, 13.61; 


S, 6.40. 





[Example 72] 1-[(Benzimidazol-5-yl)carbony1]-4^^ hydrochloride 

[0536] In a similar manner to Example 71 except for the use of methyl N-triphenylmethyl-5-benzimidazolecarboxy- 
late and 1 -[(6-chloronaphthalen-2-yI]sulfonyl]homopiperazine hydrochloride as the raw materials, the reaction was con- 
ducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.67(1H ( m), 1.93(1 H ( m), 3.20-3.90(8H.m), 7.44(1/2Hm) f 7.54(1/2H,m), 7.68(1 H,m), 7.80- 
8.00(3H,m), 8.10-8.30(3H,m), 8.49(1/2H,s), 8.55(1/2H,s), 9.56 and 9.57(1H, each s). 
MS (FAB) m/z: 469 [(M+H) + , CI 35 ], 471 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C23H2idN 4 03S • HCI • O.3CH3OH • H 2 0 


Calculated: 


C, 52.50; 


H, 4.76; 


N, 10.51; 




CI, 13.30; 


S. 6.01. 




Found: 


C, 52.31; 


H, 4.66; 


N, 10.50; 




CI, 13.34; 


S, 6.01. 





[Example 73] 1-[(6-Chloronaphthalen-2-yl)sutfonyl]-4-[(W hydrochloride 

[0537] In a similar manner to Example 4 except for the use of sodium thiazolo[5,4-c]pyridine-2-carboxylate and 1 - 
[(6-chloronaphthalen-2-yl)sulfony(]piperazine hydrochloride as the raw materials, the reaction was conducted, whereby 
the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.10-3.30(4H,m), 3.84(2H,m), 4.32(2H,m), 7.69(1 H,dd,J=8.8,2.0Hz), 
7.83(1 H,dd,J=8.8,2.0Hz), 8.10-8.30(4H,m), 8.51(1H,s), 8.79(1 H,d,J=5.9Hz), 9.62{1H,s). 
MS (FAB) m/z: 473 [(M+H) + , CI 35 ], 475 [(M+H) + , CI 37 ]. 



Elementary analysis for C2iH 17 CIN 4 03S2 • HQ 


Calculated: 


C, 49.51; 


H, 3.56; 


N, 11.00; 




CI. 13.92; 


S, 12.59. 




Found: 


C, 49.45; 


H, 3.71; 


N, 11.20; 




CI. 13.67; 


S, 12.55. 





[Example 74] 1-[(E)-4-Chlorostyrylsutfonyl]-4-[(M hydrochloride 

[0538] In a similar manner to Example 4 except for the use of sodium thiazolo[5,4-c]pyridine-2-carboxylate and 1 - 
[(E)-4-chlorostyrylsulfonyl)piperazine hydrochloride as the raw materials, the reaction was conducted, whereby the title 
compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.30(4H,m), 3.87(2H,m). 4.35(2H,m) t 7.35(1 H,d,J=15.6Hz), 7.40-7.50(3H,m), 
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7.79(1 H,d.J=8.3Hz), 8.2(1 H,d,J=5.9Hz), 8.77(1 H,d,J=5.9Hz), 9.59(1 H ( s). 
MS (FAB) m/z: 449 [(M+H) + . CI 35 ], 451 [(M+H) + , CI 37 ]. 



Elementary analysis for C^H^dN^^ • 1/2HG 



Calculated: 


C, 48.85; 


H, 3.78; 


N, 11.99; 




a, 11.38; 


S, 13.73. 




Found: 


C, 49.18; 


H, 3.80; 


N, 12.20; 




CI, 11.05; 


S. 13.84. 





[Example 75] 1 -[(S-Chloronaphthalen-a-ylJsulfonyM-K^S.e ,7-tetrahydrothieno[3.2-c]pyridin-2-yl)methyl]piperazine 
hydrochloride 

[0539] In a similar manner to Example 7 except for the use or 1-[(5-tert-butoxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2^]pyridin-2-y0methyfl-4-[@^ as the raw material, the title compound 

was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.82-2.88(4H,m), 2.91-2.99(4H,m). 3.28-3.36(2H,m), 3.47-3.55(4H.m), 4.02(2H,br s), 
6.58(1H.S). 7.71(1H,dd,J=8.8,2.0Hz) I 7.81(1H,dd,J=8.8,2.0Hz), 7.23-7.28(3H,m), 8.49(1H,s), 9.42(2H,br s). 
MS (FAB) m/z: 462 [(M+H) + , CI 35 ], 464 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C22H 2 Cl4N30 2 S2 • 2HCI • 1 .5H 2 0 


Calculated: 


C, 47.02; 


H, 5.20; 


CI. 18.93; 




N, 7.48; 


S, 11.41. 




Found: 


C, 47.18; 


H, 5.41; 


CI, 18.59; 




N, 7.37; 


S, 11.33. 





[Example 76] 1 -[(6-Chloronaphthaten-2-y0sulfonyM-[t^ 
penoyi]piperazine hydrochloride 

[0540] In a similar manner to Example 7 except for the use of 1 -[trans-3-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydro- 
thieno[3 t 2<]pyridin-2-y0propenoyq^-[(6-chjoronaphthalen-2-yl)sulfonyqpiperazine as the raw material, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 2.95-3.10(6H,m), 3,32-3.51 (3H,m), 3.60-3.80 (3H,m), 4.12(2H,s), 6.75(1 H,d,J=1 5. 1Hz, 
7.19(1H,s), 7.50(1H,d,J=15.1Hz), 7.70(1 H,dd,J=8.8,2.4Hz), 7.81(1H,dd.J=8.8,2.0Hz), 8.15(1 H,d,J=8.8Hz), 
8.22(1 H,d,J=2.0Hz), 8.50(1 H,s). 9.53(2H,br s). 
MS (FAB) m/z: 502 [(M+H) + , CI 35 ], 504 [(M+H) + . CI 37 ]. 





Elementary analysis for 




C24H24CIN 3 03S2 • HCI •O.SHgO 


Calculated: 


C. 52.65; 


H, 4.79; 


CI, 12.95; 




N, 7.67; 


S, 11.71. 
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Elementary analysis for 




C24H24aN30 3 S2 • HQ • 0.5H 2 O 


Found: 


C, 52.36; 


H, 4.88; 


CI, 12.63; 




N, 8.01; 


S. 11.39. 





[Example 77] 1 -[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[3-(4 1 5,6 J-tefrahydrothieno[3,2-c]pyridin-2-yl)propionyl]pipera- 
zine hydrochloride 

[0541] In a similar manner to Example 7 except for the use of 1-[3-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2<]pyridin-2-y1)propiorTyq^(6-^ as the raw material, the reaction was 

conducted, whereby the title compound was obtained. 

1 H-NMR (DMS0<1 6 ) 6: 2.80-3.60(1 6H,m), 4.12(2H,br s), 7.11(1H,br s), 7.74(1 H,dd,J=8.8.2.0Hz), 
7.83(1 H f dd.J=8.8,2.0Hz), 8.20(1 H.s). 8.25-8.30(2H,m), 8.53(1 H,s), 9.67(2H,br s). 
MS (FAB) m/z: 504 [(M+H) + , CI 35 ], 506 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H2 6 CIN 3 03S2 • 1 .2HCI • 1 .3H 2 0 


Calculated: 


C, 50.46; 


H, 5.26; 


CI, 13.65; 




N, 7.36. 






Found: 


C, 50.83; 


H, 5.26; 


CI, 13.43; 




N, 6.97. 







[Example 78] 1-[(6-Chloronaphthalen-2-yl)sulfonyO-4-[3-(4,5^ 
hydrochloride 

[0542] In a similar manner to Example 7 except for the use of 1-[3-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2^]pyridin-2-yQpropyl]-4-[(6K;hloronaphthalen-2-yl)sulfonyl]piperazine as the raw material, the title compound 
was obtained. 

1 H-NMR (DMSO-dg) 6: 1.90-2.07(2H,m), 2.72-2.80(2H,m), 2.82-3.21 (8H,m), 3.35(2H,br s), 3.51(2H,d,J=11.5Hz), 
3.82(2H,d J=1 1 .5Hz), 4.06(2H,s), 6.66(1 H,s), 7.74(1 H,dd,J=8.8,1 .5Hz), 7.85(11-1^=8.8,1 .5Hz), 
8.20(1 H,d,J=8.8Hz), 8.25-8.39(2H,m), 8.55(1 H,s), 9.50(2H,br s), 11.26(1H,br s). 
MS (FAB) m/z: 490 [(M+H) + , CI 35 ], 492 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H28CIN3O2S2 • 2HCI • 1 .6H 2 0 


Calculated: 


C, 48.71; 


H, 5.65; 


0. 17.97; 




N, 7.10; 


S, 10.84. 




Found: 


C, 49.01; 


H, 5.77; 


a, 17.62; 




N, 6.96; 


S, 10.32. 
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[Example 79] 1 -[(6-Chloronaphthalen-2-yI)sulfonyI]-4-[N-[(4,5,6 ,7-tetrahydrothieno[3 ( 2-c]pyridin-2-yi)methyl]car- 
bamoyflpiperazine hydrochloride 

[0543] In a similar manner to Example 7 except for the use or 1-[N-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2<]pyridin-2-y0methyflcarbamoy^ as the raw material, the title 

compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.78-2.86(2H 1 br s), 2.88-2.94(4H,m), 3.29-3.35(2H.m), 3,37-3.42(4H,m), 4.03(2H,br s), 
4.19(2H l d,J=5.4Hz), 6.62{1H,s), 7.25(1 H,t.J=5.4Hz), 7.72(1 H,dd.J=8.8 t 2.0Hz), 7.82(1 H,dd.J=8. 8,2.0 Hz), 
8.16(1H l d,J=8.8Hz), 8.22-8.26(2H ( m) ( 8.50(1H,s). 9.27(2H,br S). 



Elementary analysis for C^HgsCIN^^ • HCI • 1 .3H 2 0 


Calculated: 
Found: 


C ( 48.90; 
C, 49.02; 


H, 5.10; 
H, 5.20; 


CI. 12.55; 
CI, 12.50; 


N, 9.92. 
N, 9.76. 



[Example 80] 1 -[(6-Chloronaphthalen-2-yl)sulfonyn-4-[(4,5,6,7-te^ 
hydrochloride 

[0544] In a similar manner to Example 7 except for the use of 1-[(5-tert-butQxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2^]pyridin-2-yl)carbony1]-4-[(6^hloronap^ as the raw material, the title compound 

was obtained. 

1 H-NMR (DMSO-dg) 6: 2.99-3.05(2H,m), 3.08(4H 1 t,J=4.6Hz), 3.35-3.40(2H,m), 3.71(4H,t,J=4.6Hz), 4.11(2H.s), 
7.17(1H,s), 7.71(1H,dd.J=8.8.2.0Hz). 7.82(1 H,dd.J=8.8.2.0Hz), 8.22-8.28(3H,m), 8.50(1H,s), 9.38(2H,br s). 
MS (FAB) m/z: 476 [(M+H) + , CI 35 ], 478 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C22H23CIN3O3S2 • HCI • 3/2H 2 0 


Calculated: 


C, 48.98; 


H 4.86; 


CI. 13.14; 




N, 7.79; 


S, 11.89. 




Found: 


C, 48.96; 


H, 4.67; 


CI. 13.21; 




N, 7.74; 


S, 11.93. 





[Example 81] 4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-ethoxycarbonyl-1 -[(4.5,6.7-tetrahydrothieno[3,2-c]pyridin-2- 
yl)carbonyl]piperazine hydrochloride 

[0545] In a similar manner to Example 7 except for the use of 1-[(5-tert-butoxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2<]pyridin-2-y1)carbonyl]-4^(6-chloron as the raw material, 

the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-dg) 5: 1.22(3H,t,J=7.0Hz), 2.38-2.58(1 H,m), 2.65-2.72(1 H.m), 3.04(2H,br s), 3.29-3.43(3H,m), 
3.70(1H,br s). 4.01-4.30(6H.m). 5.18(1H,br s). 7.27(1H,s), 7.73(1 H,dd t J=8.8.2.0Hz), 7.82(1 H.d,J=8.8Hz), 
8.26(1H,s), 8.29(1 H,s), 8.54(1 H.s), 9.59(2H.br s). 
MS (FAB) m/z: 548 [(M+H) + , CI 35 ]. 550 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C25H26N3CI0 5 S2 • 1 .2HCI • 0.6H 2 O 


Calculated: 


C, 49.83; 


H, 4.75; 


Q, 12.94; 




N, 6.97; 


S, 10.64. 




Found: 


C. 49.62; 


K 4.71; 


CI. 13.30; 




N, 7.19; 


S, 10.56. 





[Example 82] 2-Carboxy-4-[(6-Chloronaphthalen-2-yl)sutfonyTJ-1 -[(4,5,6 t 7-tetrahydrothieno[3,2-c]pyridin-2-yl)carbo- 
ny1]piperazine hydrochloride 

[0546] In a similar manner to Example 3 except for the use of 4-[(6-chloronaohthaler»-2-yl)sulfonyl]-2-ethoxycartx)- 
nyl-1 -[(4.5,6 ,7-tetrahydrothieno[3 P 2-c]pyridin-2-yl)carbonyl]pipera2ine hydrochloride as the raw material, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR(DMSO-d 6 ) * 2.30-2.53(1 H,m), 2.58-2.69(1 H,m). 3.04(2 H ,br s), 3.29-3.83(4H,m), 4.07-4.32(4H,m), 4.90- 
5.20(1 H,m), 7.03-7.30(1 H,m), 7.71 (1 H,dd,J=8.8,2.4Hz), 7.81 (1 H,d,J=8.8Hz), 8.81(1 H,d.J=8.8Hz), 8.20- 
8.29(2H,m), 8.52(1 H,s), 9.58(2H.br s). 
MS (FAB) m/z: 520 [(M+H) + , CI 3 **]. 522 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C23H22N3CIO5S2 • 1.2HCI • 0.8H 2 O 


Calculated: 


C, 47.78; 


H, 4.32; 


CI. 13.49; 




N, 7.27; 


S, 11.09. 




Found: 


C. 47.41; 


H, 4.36; 


CI. 13.81; 




N, 7.14; 


S. 11.01. 





[Example 83] 1 -[(6-Chloronaphthalen-2-yl)suifonyO-4-[(5-am 
c]pyridin-2-yl)carbonyl]piperazine 

[0547] To methanol (4 ml), a solution of 1-[(6-chloronaphthalen-2-yl)sulfonyl]-4-[(5-cyano-4,5,6,7-tetrahydroth- 
ieno[3,2-c]pyridin-2-y0carbonyl]piperazine (41 mg) in dichloromethane (dichloromethane: 1 ml) was added, followed by 
the addition of hydroxylamine hydrochloride (28 mg) and triethylamine (0.55 ml). The resulting mixture was stirred at 
room temperature for 2 hours. The residue obtained by concentrating the reaction mixture under reduced pressure was 
purified by chromatography on a silica gel column (dichloromethane ~ dichloromethane : methanol =100:3), whereby 
the title compound (14 mg, 32%) was obtained. 

1 H-NMR (DMSO-de) 6: 2.74-2.79(2H,m), 3.06(4H,s), 3.35-3.38(2H ) m), 3.71(4H,s), 4.07(2H,s), 5.32(2H,s), 
7.08(1H,s). 7.71(1 H,dd,J=8.8,1.6Hz). 7.81(1H,dd.J=8.8.1.6Hz), 8.16(1H ( s), 8.23-8.25(2H,m) f 8.33(1H,br s), 
8.49(1 H,s). 

MS (FAB) m/z: 534 [(M+H) + , a 35 ]. 536 [(M+H) + . CI 37 ]. 

[Example 84] 1 -[(6-Chloronaphthalen-2-yl)sulforiyr]^ 
zine hydrochloride 

[0548] In a similar manner to Example 7 except for the use of 1-[N-(5-tert-butoxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2-c]pyrfciin-2-y0caibamoyl]-4-[(6-cW as the raw material, the reaction was 

conducted, whereby the title compound was obtained. 
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1 H-NMR (DMSOcy 6: 2.83(2H,br s), 2.99(4H,br s). 3.30(2H,br s), 3.54(4H,br s), 4.00(2H,s), 6.33(1 H,s), 
7.70(1H,dd,J=8.8,2.0Hz), 7.82(1 H,d.J=8.8Hz), 8.16(1H,d,J=8.8Hz), 8.22(1H,s). 8.26(1 H,d,J=8.8Hz), 8.50(1H,s), 
9.18(2H,brs), 9.82(1 H,s). 

MS (FAB) m/z: 491 [(M+H) + , CI 35 ], 493 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C22H23N4CIO3S2 • HCI • 0.3^0 


Calculated: 


C, 49.59; 


H, 4.65; 


CI, 13.31; 




N, 10.51; 


S, 12.03. 




Found: 


C, 49.32; 


H, 4.63; 


CI, 13.34; 




N, 10.81; 


S, 12.03. 





[Example 85] 1 -[(6-Chloronaprrthalen-2-yl)sulfon^ 
bamoyQpiperazine hydrochloride 

[0549] In a similar manner to Example 7 except for the use of 1-[N-(5-tert-butoxycarbonyl-4 t 5,6,7-tetrahydroth- 
ieno[3,2<;]pyridin-2-yl)-N-me%lcarbam as the raw material, the 

reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.83(2H,t,J=5.4Hz), 2.97(4H,br s). 3.10(3H,s), 3.28-3.41 (6H,m), 4.00(2H,s). 6.35(1H,s), 
7.72(1 H,dd,J=8.8,2.0Hz), 7.81(1H ) dd,J=8.8,2.0Hz), 8.17(1H,d,J=8.8Hz), 8.23-8.31 (2H,m), 8.50(1 H.s), 9.28(2H,br 
s). 

MS (FAB) m/z: 505 [(M+H) + , CI 35 ], 507 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C23H25N4CIO3S2 • 1 .1 HCI • O.SHaO 


Calculated: 


C, 49.85; 


H, 4.93; 


CI. 13.43; 




N, 10.11; 


S, 11.57. 




Found: 


C, 49.55; 


H, 4.92; 


CI, 13.23; 




N, 10.13; 


S. 11.83. 





[Example 86] 1 -[(6-Chloronaphthalen-2-yl)sulfony!]-4-[[5-(1 -pyrrol in-2-y0-4,5,6 f 7-tetrahydrothieno[3,2-c]pyridin-2- 
yl]carbonyl]piperazine hydrochloride 

[0550] In a similar manner to Example 47 except for the use of 1 -[(6-chloronaphthalen-2-yl)suffbnyl]-4-[(4,5 f 6,7-tet- 
rahydrothieno[3,2-c]pyridin-2-yl)carbony1]piperazine hydrochloride as the raw material, the title compound was 
obtained. 

1 H-NMR (DMSO-de) 6: 2.07-2.1 8(2H,m), 2.90-3. 11 (8H.m), 3.62(2H,W=6.8Hz), 3.72(4H,br), 3.80(2H.t,J=5.9Hz), 
3.99(2H,t t J=5.9Hz), 4.62(1H,br s), 4.73(1H,br s), 7.10(1H,s), 7.50(1H,s), 7.72(1 H,dd,J=8.8,2.0Hz), 
7.82(1 H,dd.J=8.8,2.0Hz), 8.18(1H,d.J=8.8Hz), 8.22-8.28(2H,m), 8.51(1H,s), 10.37(1H,brs), 10.53(1 H.br s). 
MS (FAB) m/z: 542 [(M+H) + . CI 35 ], 544 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C2 6 H27CIN 4 03S2 • 1 .3HCI • 0.4H 2 O 


Calculated: 


C t 52.25; 


H, 4.91; 


O. 13.64; 




N, 9.37; 


S, 10.73. 




Found: 


C. 52.24; 


H, 5.03; 


CI, 13.56; 




N ( 9.36; 


S, 10.74. 





[Example 87] 1 -[(6-Chlwonaphthalen-2-yl)sulfony^ 
hydrochloride 

[0551] In a similar manner to Example 7 except for the use of 1-[(6-tert-butoxycarbonyl-4,5,6,7-tetrahydrothia- 
zolo[5 t 4-c]pyridin-2-yl)rartwrTy^ as the raw material, the title compound 

was obtained. 

1 H-NMR (DMSO-de) 6: 3.01(2H,t.J=5.9Hz), 3.11(4H,br), 3.44(2H,br s), 3.74(2H,br s). 4.32-4.46(4H,m), 
7.71(1H,dd,J=8.8,2.0Hz), 7.83(1 H,dd.J=8.8Hz,2.0Hz), 8.15(1 H,d,J=8.8Hz), 8.23(1H,s), 8.26(1 H,d.J=8.8Hz), 
8.30(1 H,s), 

MS (FAB) m/z: 477 [(M+H) + t CI 35 ], 479 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 21 H2 1 CIN 4 0 3 S2 • HCI • 0.2H 2 O 


Calculated: 


C. 48.78; 


H, 4.37; 


CI. 13.71; 




N, 10.84; 


S, 12.40. 




Found: 


C, 48.60; 


H, 4.50; 


CI, 13.58; 




N, 10.62; 


S, 12.29. 





[Example 88] 1-[(6-Chloronaphthalen-2-yl)sulfonylH^ 

c]pyridin-2-yl)carbonyl]piperazine hydrochloride; and 1-[(6K»rbamoyl-4,5 t 6,7-tetrahydrothiazolo[5,4-c]pyridin-2-yl)car- 
bonyl]-4-[(6-chloronaphthalen-2-yl)suIfonyO piperazine 

[0552] In a similar manner to Referential Example 112 and Example 83 except for the use of 1-[(6-chloronaphtha- 
len-2-yl)sulforTyO^-[(4 ( 5,67-tetrahydrotft hydrochloride as the raw material, 

the reaction was effected, whereby 1-[(6-chloronaphthalen-2-yl)sulfonyl]-4-[(6-aminohydroxyiminomethyl-4,5,6,7-tet- 
rahydrothiazolo[5,4-c]pyridin-2-yl]carbonyl]piperazine hydrochloride and 1-[(6-carbamoyl-4,5,6,7-tetrahydrothia- 
zolo[5,4-c]pyridin-2-yl)carbony0^-[(6^loronaprrthalen-2-y0sulfony0 piperazine were obtained. 

1-[(6-ChIoronaprrthalen-2-yl)sufonyfl-4-K^ 
bonyl]piperazine hydrochloride 

[0553] 

1 H-NMR (DMSO-d 6 ) 6: 2.77(2H.br s), 3.09(4H,br), 3.48(2H,t,J=5.4Hz), 3.73(2H,br s). 4.30-4.50(4H,m), 5.61(1H,br 
s), 7.71 (1 H 1 dd,J=8.8,2.0Hz), 7.82(1 H,dd,J=8.8Hz,2.0Hz), 8. 1 5(1 H,d. J=8.8Hz), 8.22(1 H,d.J=1 .5Hz), 
8.25(1 H,d,J=8.8Hz), 8.50(1 H.s), 8.53(1 Kbr s). 
MS (FAB) m/z: 535 [(M+H) + , CI 35 ], 537 [(M+H) + , CI 37 ]. 
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1-[(6-Cart>amoyM,5,6J-tefrahydrofr piperazine 
[0554] 

1 H-NMR (DMSOkJ 6 ) 6: 2.75(2H,br s), 3.09(4H,br), 3.63(2H,t.J=5.9Hz) t 3.73(2H ( br s), 4.39(2H,br s), 4.59(2H,s), 
6.17(2H,s), 7.70(1 H,dd,J=8.8,2.0Hz), 7.82(1 H,dd p J=8.8Hz,2.0Hz), 8.14(1 H,d,J=8.8Hz), 8.21(1H,d,J=1.5Hz), 
8.25(1 H,d,J=8.8Hz), 8.50(1 H,s). 
MS (FAB) m/z: 520 [(M+H) + , CI 35 ]. 522 [(M+H) + , CI 37 ]. 



Elementary analysis for C22H22CIN5O4S2 • H 2 0 


Calculated: 
Found: 


C, 49.11; 
C, 48.98; 


H, 4.50; 
H, 4.12; 


N, 13.02. 
N, 12.83. 



[Example 89] 1 -[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[6-(1 -pyrrol in^-yO^.S.ej-tetrahydrothiazoloIS^-clpyridin^- 
yl]carbony(]piperazine hydrochloride 

[0555] In a similar manner to Example 47 except for the use of 1 -[(6-chloronaphthalen-2-yl)sulfbnyl]-4-[(4,5,6,7-tet- 
rahydrothiazolo[5 f 4-c]pyridin-2-yl)carbonyl]piperazine hydrochloride as the raw material, the title compound was 
obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.07-2. 15(2H,m), 2.94-3.1 6(8H,m), 3.63(2H,t,J=7.3Hz), 3.75(2H,br s), 3.90(2H,br s), 
4.39(2H,br s), 4.93(2H,s), 7.70(1 H ) dd,J=8.8,2.0Hz), 7.83(1 H,dd,J=8.8Hz,2.0Hz), 8.15(1 H,d,J=8.8Hz), 
8.22(1 H.d.J=2.0Hz), 8.25(1 H,d,J=8.8Hz) ( 8.50(1 H,s). 
MS (FAB) m/z: 544 [(M+H) + , CI 35 ], 546 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 2 5H 26 CIN 5 03S2 • 1 -4HCI • CH3OH 


Calculated: 


C. 49.79; 


H, 5.05; 


CI, 13.57; 




N, 11.17; 


S, 10.23. 




Found: 


C, 49.44; 


H, 4.78; 


CI, 13.63; 




N, 10.83; 


S. 10.15. 





[Example 90] 1 -[(6-Chloronaphthalen-2-yl)sulfonyn^ 
nyljpiperazine 

[0556] In a similar manner to Example 4 except for the use of 1-[(6-chloronaphthalen-2-yl)suHbnyl]'4-[(4,5,6,7-tet- 
rahydrothiazolo[5,4-c]pyridin-2-yi)carbonyl]piperazine hydrochloride and formic add as the raw materials, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR (DM$0-d 6 ) 6: 2.74-2.88(2H,m), 3.10(4H,br), 3.31(2H,s), 3.66-3.86(4H.m), 4.64-4.73(2H,m), 
7.69(1 H,dd,J=8.8,2.0Hz), 7.82(1 H,dd,J=8.8,2.0Hz), 8.14(1H,d,J=8.8Hz), 8.15-8.22(2H,m), 8.24(1 H,d,J=8.8Hz), 
8.50(1 H.s). 

MS (FAB) m/z: 505 [(M+H) + , CI 35 ], 507 [(M+H) + . CI 37 ]. 
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Elementary analysis for 
C22H21CIN4O4S2 '1/5^0 


Calculated: 


C, 51.95: 


H, 4.24; 


a, 6.97; 




N, 11.02; 


S, 12.61. 




Found: 


C, 52.18; 


H, 4.30; 


CI. 6.69; 




N, 10.71; 


S, 12.21. 





[Example 91] 1-[(6-Chloronaphthalen-2-yl)sulfony^^ 
nyl]piperazine hydrochloride 

[0557] In dichloromethane (10 ml), 1-[(6-chIoronaphthalen-2-yl)sulfonyl]-4-[(4,5,6 i 7-tetrahydrothiazolo[5,4-c]pyri- 
din-2-yl)carbonyQpiperazine hydrochloride (400 mg) was suspended, followed by the addition of triethylamine (0.22 ml) 
and acetic acid (0.05 ml). The resulting mixture was stirred at room temperature for 5 minutes. To the reaction mixture, 
a 30% aqueous formaldehyde solution (0.08 ml) and sodium triacetoxyborohydride (264 mg) were added, followed by 
stirring at room temperature for 10 minutes. After the reaction mixture was concentrated under reduced pressure, the 
residue was added with ethyl acetate. The resulting mixture was washed with water and saturated saline and then dried 
over anhydrous sodium sulfate. The solvent was then distilled off under reduced pressure The residue was dissolved in 
a saturated ethanol hydrochloride solution (1 ml) and then the resulting solution was concentrated under reduced pres- 
sure. The residue was crystallized from hexane and ethyl acetate, whereby the title compound (298 mg, 71%) was 
obtained. 

1 H-NMR (DMSOd 6 ) 6: 2.89(3H,s). 3.10(6H,br), 3.32-3.81 (4H,m), 4.30-4.81 (4H,m), 7.71(1H,dd,J=8.8,2.0Hz), 
7.82(1 H,dd,J=8.8 t 2.0Hz), 8.15(1H,d,J=8.8Hz), 8.20-8.28(2H,m), 8.50(1H,s), 11.28(1H,br s). 
MS (FAB) m/z: 491 [(M+H) + , CI 35 ], 493 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C22H23CIN4O3S2 • HCI • 0.6H 2 O 



Calculated: 


C, 49.09; 


H, 4.72; 


CI, 13.17; 




N, 10.41; 


S. 11.91. 




Found: 


C t 48.88; 


H, 4.78; 


CI, 13.26; 




N, 10.42; 


S, 12.03. 





[Example 92] 2-[[4-[(6-Chloronaphthalen-2-yl)suifony0piperazin-1 -yOcarbonylJ-e.e-dimethyl^.S.ej-tetrahydrothia- 
zolo[5,4-c]pyridinium iodide 

[0558] In N,N<limethylformamide (20 ml), 1 -[(6-chloronapMhalen-2-yQsulfbnyI]-4-[(6-methyl-4,5 t 6,7-tetrahydrothia- 
zolo[5.4-c]pyridin-2-yl)carbonyl]piperazine hydrochloride (200 mg) was dissolved, followed by the addition of methyl 
iodide (0.05 ml) and potassium carbonate (79 mg). The resulting mixture was stirred overnight at 80°C. After the reac- 
tion mixture was concentrated under reduced pressure, the residue was added with water and the resulting precipitate 
was collected by filtration. The precipitate was then dissolved in a mixed solvent (1 :1) of dichloromethane and methanol, 
followed by the addition of ethyl acetate. The resulting precipitate was collected by filtration, whereby the title compound 
(144 mg, 56%) was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.05-3.23(12H,m), 3.77(2H,t.J=5.9Hz), 4.40(2H,br s), 4.79(2H,br s), 
7.71(1H,dd,J=8.8,2.0Hz). 7.83(1 H,dd.J=8.8,2.0Hz), 8.15(1H,d.J=8.8Hz), 8.20-8.27(2H,m), 8.52(1H,s). 
MS (FD) m/z: 505 (M\ CI 35 ), 507 (M + , CI 37 ). 
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Elementary analysis for 




C23H 26 CIIN403S2 • I/2CH3CO2CH2CH3 


Calculated: 


C, 44.35; 


H, 4.47; 


N, 8.28. 


Found; 


C, 44.52; 


H, 4.23; 


N, 8.01. 



[Example 93] 2-[[4-[(6-Chloronaphthalen-2-yl)sulfonyl]piperazin-1 •y0carbonyn-6-methyl-4 t 5,6,7-tetrahydrothiazolo[5,4- 
cjpyridine N-oxide 

[0559] In acetone (10 ml), 1-[(6-diloronapMhalen-2-yl)sulfonyI]^ 

din-2-yl)carbonyl]piperazine hydrochloride (400 mg) was suspended, followed by the addition of a 1 N aqueous solution 
of sodium hydroxide (0.38 ml) and 30% aqueous hydrogen peroxide (3.50 ml). The resulting mixture was stirred at room 
temperature for 8 days. After the reaction mixture was concentrated under reduced pressure, the residue was purified 
by the chromatography through a synthetic adsorbent ("Diaion HP -20", water ~ waterracetonitrile = 2:5), whereby the 
title compound (84 mg, 39%) was obtained. 

1 H-NMR (DMSOds) 6: 2.83-2.90(1 H,m). 3.10(5H,br) ( 3.20-3.47(4H,m), 3.61-3.83(3H,m), 4.28-4.50(3H,m), 4.78- 
4.85(1 H,m), 7.69(1 H ( dd,J=8.8,2.0Hz), 7.82(1 H,dd,J=8.8,2.0Hz), 8.1 4(1 H,d,J=8.8Hz), 8.1 9-8.27(2H,m), 
8.50(1 H,s). 

MS (FD) m/z: 506 (M + , CI 35 ), 508 (M\ CI 37 ). 

[Example 94] 2-Carbamoyl-4-[(6K;hloronaphthalen-2-y0sulfonyl]-1 -[(4,5,6, 7-tetrahydrothiazolo[5 ( 4-c]pyridin-2-yl)carbo- 
nyl]piperazine trif luoroacetate 

[0560] To trifluoroacetic acid (1 ml), a solution of l-Ke-tert^utoxycarbonyW.S.ej-teta 

2-yl)c^rtx)nyl]-2-cart3amoyl-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine (303 mg) dissolved in dichloromethane (1 
ml) was added, followed by concentration under reduced pressure. The resulting precipitate was collected by filtration 
and washed with diethyl ether, whereby the title compound (263 mg, 83%) was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.39-2.70(2 H,m), 2.92-3.06(2H,m), 3.42-3.77(4H,m), 4.25-4.50(7/2H,m), 4.97(1/2H,br s), 
5.35-5.44(1/2H,m), 6.14(1/2H,br s), 7.30-7.39(1 H,m), 7.66-7.73(2H ( m), 7.77-7.82(1 H,m), 8.16(1H,d.J=8.8Hz), 
8.21-8.28(2H,m), 8.49(1H,s), 9.26(2H,br s). 
MS (FAB) m/z: 520 [(M+H) + f CI 35 ], 522 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C22H22CIN5O4S2 • CF 3 C0 2 H • 0.6H 2 O 


Calculated: 


C, 44.29; 


H, 3.73; 


CI, 5.40; 




F, 9.55; 


N, 10.67; 


S, 9.77. 


Found: 


C, 44.59; 


H, 3.79; 


CI, 5.26; 




F, 9.54; 


N, 10.28; 


S, 9.72. 



[Example 95] 2-Carbamoyl-4-[(6-chloronaphthalen-2-yl)surfonyl]-1 -[(6-methyl-4,5,6,7-tetrahydrothiazolo[5,4-c]pyridin- 
2-yl)carbonyl]piperazine hydrochloride 

[0561] In a similar manner to Example 91 except for the use of 2-carbamoyl-4-[(6-chloronaphthalen-2-yl)sulfonyl]- 
1-[(4 t 5,6,7-tetrahydrothiazolo[5,4-c]pyridin-2-yl)c»rbonyl]piperazine trif luoroacetate as the raw material, the title com- 
pound was obtained. 

1 H-NMR (DMSO<i 6 ) 6: 2.37-2.70(2H,m), 2.91 (3H,s), 3.00-3.78(6H,m), 4.28-4.77(7/2H,m). 4.97(1/2H,br s). 5.40- 
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5.50(1/2H,m), 6.14(1/2H ( br s), 7.32-7.40(1 H,m), 7.68-7.75(2H,m), 7.77-7.83(1 H,m), 8.15(1H,d,J=8.8Hz), 8.21- 
&28{2H,m), 8.49(1 H,s). 

MS (FAB) m/z: 534 [(M+H) + , CI 35 ], 536 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C23H 2 4CIN 5 04S2 • HCI • 2.5H 2 0 



Calculated: 


C, 44.88; 


H, 4.91; 


CI, 11.52; 




N, 11.38; 


S. 10.42. 




Found: 


C, 44.83; 


H, 4.89; 


CI, 11.65; 




N, 11.31; 


S. 10.46. 





[Example 96] 1 -[(6-Chloronaphthalen-2-yl)suffony^ 
yi]carbonyl]piperazine hydrochloride 

[0562] In a similar manner to Example 91 except for the use of 1 -[(6-chloronaphthalen-2-yl)sulonyl]-4-[(4,5,6,7-tet- 
rahydrothiazolo[5,4-c]pyridin-2-yl)carbonyl]piperazine hydrochloride (132 mg) and glyoxylic acid hydrate (82 mg) as the 
raw materials, the reaction was conducted, whereby a crude product was obtained. The product was suspended in tet- 
rahydrofuran (50 ml), followed by the addition of triethylamine (0.22 ml) and ethyl chloroformate (0.03 ml) under ice cool- 
ing. After stirring at room temperature for 15 minutes, sodium borohydride (50 mg) and water (10 ml) were added and 
the resulting mixture was stirred at room temperature for one hour. The reaction mixture was concentrated under 
reduced pressure. The concentrate was diluted with dichloromethane, washed with saturated saline and then dried over 
anhydrous sodium sulfate. The residue obtained by distilling off the solvent under reduced pressure was purified by 
chromatography on a silica gel column (dichloromethane ~ dichloromethane : methanol = 100:3). The purified product 
was dissolved in saturated ethanol hydrochloride (1 ml), followed by concentration under reduced pressure. The con- 
centrate was pulverized and washed in ethyl acetate, whereby the title compound (52 mg, 33%) was obtained. 

1 H-NMR (DMSO-de) 6: 3.11(4H,br s), 3.20-3.57(6H,m), 3.69-3.87(4H,m), 4.34-4.82(4H,m), 5.38(1H,br s), 

7.71(1H,dd,J=8.8,2.0Hz), 7.82(1 H,dd,J=8.8Hz,2.0 Hz), 8.15(1H,d,J=8.8Hz), 8.22(1H,s), 8.25(1 H,d,J=8.8Hz), 
8.50(1 H,s). 1 0.48(1 H.brs). 

MS (FAB) m/z: 521 [(M+H) + , CI 35 ], 523 [(M+H) + , CI 37 ]. 

[0563] In a similar manner to Example 91 except for the use of 1 -[(6-chIoronaphthalen-2-yl)sulfonyl]-4-[(4,5,6,7-tet- 
rahydrothiazolo[5,4-c]pyridin-2-yl]carbonyl]piperazine hydrochloride as the raw material, the reaction was conducted, 
whereby the compounds of Examples 97, 98 and 99 were obtained. 

[Example 97] 1 -[(6-Chloronaphthalen-2-yl)sulfon 
yl]carbonyl]piperazine hydrochloride 

[0564] 

1 H-NMR (DMSO«J 6 ) 6: 3.07-3.1 7(6H,m), 3.63(2H,t.J=6.3Hz), 3.74(2H,br s), 4.39(2H,br s), 4.58(2H,s). 4,61(2H,s), 
7.50-7.64(1 H.m), 7.67-7.73(2H,m), 7.82(1 H,dd,J=8.8,1 .5Hz), 7.97(1 H.m), 8. 1 5(1 H,d, J=8.8Hz), 
8.22(1 H,d,J=1.5Hz), 8.25(1 H,d,J=8.8Hz), 8.50(1 H,s), 8.69(1 H,d,J=4.9Hz). 
MS (FAB) m/z: 568 [(M+H)\ CI 35 ], 570 [(M+H) + , CI 37 ]. 



Elementary analysis for 




C27H26CIN5O3S2 • 2HCI • 0.8H 2 O 


Calculated: 


C. 49.48; 


H, 4.55; 


CI16.23; 




N, 10.68; 


S, 9.78. 
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(continued) 



Elementary analysis for 




C27H 


26CIN5O3S2 • 2HCI • O.8H2O 


Found: 


C, 49.72; 


H, 4.48; 


CI, 16.31; 




N ( 10.86; 


S, 9.53. 





[Example 98] 1-[(6-Chloronaprrthalen-2-yl)sufo^ 
yl]carbonyi]piperazine hydrochloride 

[0565] 

1 H-NMR (DMSO-dg) 6: 3.03-3.27(6H,m), 3.40-3.81 (4H.m), 3.74(2H,br s), 4.40(2H ( br s). 4.50(2H,s), 4,70(2H,s), 
7.70(1 H,dd,J=8.8,2.4Hz). 7.82(1 H,dd.J=8.8), 8.15(1 H,d,J=8.8Hz), 8.22(1H,s). 8.25(1 H,d.J=8.8Hz), 8.50(1H,s), 
8.73(1 H,d,J=7.8Hz) f 8.93(1 H,d,J=4.4Hz). 
MS (FAB) m/z: 568 [(M+H) + , CI 35 ], 570 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 2 7H26CIN 5 0 3 S2 • 2.9HCI • 4.5H 2 0 


Calculated: 


C, 42.96; 


H, 5.06; 


CI, 18.32; 




N, 9.28. 






Found: 


C, 42.97; 


K 4.84; 


CI, 18.19; 




N, 9.23. 







[Example 99] 1-[(6-Chloronaphthalen-2-yl)sulfonyq-4-[p^ 
yl]carbonyl]piperazine hydrochloride 

[0566] 

1 H-NMR (DMSO-de) 6: 3.11(4H,br s), 3.19(2H,br s), 3.64(2H,br s), 3.74(2H,br s), 4.41(2H ( br s), 4.49(2H,s), 
4.80(2H,s), 7.69(1 H,dd.J=8.8,2.0Hz), 7.82(1 H.dd, J =8.8,2.0Hz), 8.15(1 H ( d,J=8.8Hz), 8.21(1H,d t J=2.0Hz), 
8.25(1 H,d,J=8.8Hz), 8.41(2H,d,J=6.3Hz), 8.50(1 H t s), 9.04(2H,d,J=6.3Hz). 
MS (FAB) m/z: 568 [(M+H) + , CI 35 ], 570 [(M+H)\ CI 37 ]. 



Elementary analysis for 
C27H26CIN5O3S2 • 2.7HCI • 6.0H 2 O 


Calculated: 


C.41.86; 


H, 5.30; 


CI, 16.93; 




N ( 9.04; 


S, 8.28. 




Found: 


C, 42.05; 


H, 4.98; 


CI, 16.92; 




N, 9.37; 


S, 8.61. 





[Example 1 00] 1 -[(E)-4-Chlorostyrytsulfony0 ^-[(4,5,6,7-^ 
hydrochloride 

[0567] In a similar manner to Example 7 except for the use of 1-[(6-tert-butoxycarbonyl-4,5,6,7-tetrahydrothia- 
zolo[5,4<]pyridin-2-yqcartx)nyi]-44(E)^<hlorostyrylsulfonyl]piperazi as the raw material, the tHJ comp und was 
obtained. 
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1 H-NMR (DMSO-dg) 6: 3.04(2H,br s), 3.23(4H,br), 3.47(2H,br s), 3.77(2H,br s) t 4.35-4.50(2H,m), 
7.33(1 H,d,J=1 5.6Hz), 7.43(1 H,d.J=15.6Hz), 7.49(1 H,d.J=8.3Hz), 7.79(1 H,d,J=8.3Hz), 9.57(2H,brs). 
MS (FAB) m/z: 453 [(M+H) + , CI 35 ], 455 [(M+H)\ CI 37 ]. 



Elementary analysis for 
C 19 H 21 CIN403S2 • HCI • 0.3H 2 O 


Calculated: 


C, 46.12; 


H, 4.60; 


CI, 14.33; 




N, 11.32; 


S, 12.96. 




Found: 


C. 46.42; 


H, 4.66; 


a. 14.38; 




N, 11.02; 


S. 13.02. 





[Example 101] 1-[(E)-4-ChlorcstyrylsulfonylH-[(6^ 
zine hydrochloride 

[0568] In a similar manner to Example 91 except for the use ofKEJ^-chlorostyrylsuHbnylJ^-K^S.ej-tetrahydrothi- 
azolo[5,4-c]pyridin-2-yl]carbonyl]piperazine hydrochloride as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.92(3H,s), 3.01-3.32(6H,br), 3.35-3.88(4H,m), 4.29-4.84(4H,m), 7.33(1 H,d,J=15.6Hz), 
7.49(1 H,d,J=1 5.6Hz), 7.49(1 H ( d,J=8.3Hz), 7.79(1 H,d.J=8.3Hz), 11.31(1H,br,s). 
MS (FAB) m/z: 467 [(M+H) + , CI 35 ], 469 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C20H23CIN4O3S2 • HCI • 0.2H 2 O 


Calculated: 


C, 47.37; 


H, 4.85; 


CI, 13.98; 




N, 11.05; 


S, 12.65. 




Found: 


C, 47.30; 


H, 4.92; 


CI, 14.05; 




N, 11.03; 


S, 12.49. 





[Example 1 02] (3S)-3-[(6-Chloronaphthalen-2-yl)sulfonamide]-1 •[(4,5,6,7-tetrahydrothieno[3,2-c]pyridin-2- 
yl)methyl)pyrrolidine hydrochloride 

[0569] In a similar manner to Example 7 except for the use of (3 S)-1 -[(5-tert-butoxycarbonyl -4,5,6, 7-tetrahyd roth - 
ieno[3,2-c]pyridin-2-y0methyq-3-[(6-chloror^ as the raw material, the title com- 

pound was obtained. 

[a] D =-69.72° (25°C,C=1.00,CH 3 OH). 

1 H-NMR (DMSO-dg at 100°C) 6: 1.88-1.89(1 H,m), 2.10-2.25(1 H.m), 3.02-3.07(2H,m). 3.10-3.50^^), 
4.02(1H,s), 4.12(2H,s), 4.45(2H,s), 7.12(1H,s). 7.65(1 H,d,J=8.3 Hz), 7.91(1 H,d,J=8.3Hz), 8.10(1H,d,J=8.3Hz), 
8.14(1H,s), 8.16(1 H.d,J=8.3Hz), 8.18(1H,br s), 8.48(1H,s). 9.65(2H,br s). 
MS (FD) m/z: 461 (M + , CI 35 ), 463 (M + ,CI 37 ). 
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Elementary analysis for 
C22H24CIN3O2S2 • 2.1 HCI • H 2 0 


Calculated: 


C. 47.47; 


H, 5.09; 


CI. 19.74; 




N, 7.55; 


S, 11.52. 




Found: 


C. 47.55; 


H, 5.13; 


CI, 19.85; 




N, 7.45; 


S. 11.48. 





[Example 1 03] (3S)-3-[(6-Chloronaphthalen-2-yl)sulfonamide]-1 -[(4,5,6, 7-tetrahydrothieno[3,2-c]pyridin-2-yl)carbo- 
nyl]pyrrolidine hydrochloride 

[0570] In a similar manner to Example 7 except for the use of (3S)-1-[(5-tert-butoxycarbonyl-4,5,6 l 7-tetrahydroth- 
ieno[3,2-c]pyridin-2-yl)rarbonyq-3-[(6-^ as the raw material, the title com- 

pound was obtained. 

[a] D =-62.70° (25°C.C=1.00,CH 3 OH). 

1 H-NMR (DMSOd 6 at 100°C) 5: 1.82-1 .90(1 H,m), 1 .96-2.05(1 H,m), 3.05(2H f t.J=6.0Hz), 3.42-3.57(2H,m), 3.60- 
3.72(2H,m), 3.84-3.90(1 H,m), 4.12(2H,s), 4.45(2H,s), 7.25(1 H,s), 7.64(1 H,dd,J=8.3,1 .6Hz), 
7.90(1 H,dd,J=8.3,1. 6Hz), 7.97(1 H,d,J=5.6Hz), 8.08(1 H,d,J=8.7Hz), 8.12(1H,s), 8.14(1 H,d,J=8.7Hz), 8.47(1H,s). 
9.55(2H,brs). 

MS (FAB) m/z: 476 [(M+H) + , CI 35 ], 478 [(M+H) + , CI 37 ]. 



Elementary analysis for C22H22CIN3O3S2 * HCI 


Calculated: 


C, 51.56; 


H, 4.52; 


CI, 13.84; 




N, 8.20; 


S, 12.51. 




Found: 


C, 51.25; 


H, 4.61; 


CI, 13.68; 




N, 7.98; 


S, 12.36. 





[Example 1 04] (3S)-1 -[(6-Chloronaphthalen-2-y0sulfony0-3-[[(4,5.6,7-tetrahydrothieno[3,2^]pyridin-2- 
yl)methyl]amino]pyrrolidine hydrochloride 

[0571] In a similar manner to Example 7 except for the use of (3S)-3-[I{5-tert-butoxycarbonyl-4,5,6,7-tetrahydroth- 
ieno[3,2-c]pyridin-2-y0methynamino]-1-[(6-chloronaphthaIen-2-yl)sulfonyl]pyrrolidine as the raw material, the title com- 
pound was obtained. 

[a] D =+34.82° (25°C,C=1.00,CH 3 OH). 

1 H-NMR (DMSO-d 6 ) 6: 1.98-2.20(2H,m), 2.99-3.04(2H,m), 3.1 9-3.26(1 H ( m), 3.30-3.50(3H,m), 3.61 -3.72(1 H,m), 
3.52-3.60(1 H,m), 4.13(2H,s), 4.29(2H,s), 7.09(1H,s), 7.71(1H ( dd,J=8.8.2.0Hz), 7.89(1 H,dd,J=8.8,2.0Hz), 
8.17(1H,d,J=8.8Hz), 8.25(1 H,d, J =2.0 Hz), 8.30(1H,s), 8.57(1H,s). 9.55(2H,br s), 9.7-10.0(1 H,m). 

MS (FD) m/z: 461 (M + , CI 35 ), 463 (M + t CI 37 ). 
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Elementary analysis for 
C22H24CIN 3 02S2 • 2HCI • 0.2H 2 O 


Calculated: 


C. 49.06; 


H, 4.94; 


CI, 19.75; 




N, 7.80; 


S. 11.91. 




Found: 


C, 48.88; 


H, 4.97; 


CI, 19.65; 




N, 7.67; 


S, 11.84. 





[Example 105J (SSJ-a-^.S.ej-tetrahydrothienop^-c^ 
nyl]pyrrolidine hydrochloride 

[0572] In a similar manner to Example 7 except for the use of (3S)-3-K5-tert-butoxyc»rbonyl-4,5,6 
ieno[3,2-c]pyridin-2-y0carbonylamino]-1-[(6^ as the raw material, the title 

compound was obtained. 

[a] D =+33.56°(25°,C=1 .00,CH 3 OH). 

1 H-NM R (DMSO-de) 6: 1.85-1.95(1H,m), 1 .95-2.05(1 H.m), 3.04(2H,m), 3.24-3.40(1 H,m), 3.41-3.53(3H,m), 4.04- 
4.24(3H,m), 7.34(1H,s), 7.67(1 H,d,J=8.8Hz), 7.84{1H,d,J=8.8Hz), 8.03(1H, d, J=8.8Hz) l 8.17(1H,s), 
8.22(1 H,d.J=8.8Hz), 8.27(1 H,d,J=5.7Hz), 8.50(1 H.s), 9.59(1 H.brs), 9.71(1H,brs). 
MS (FAB) m/z: 476 [(M+H) + , CI 35 ], 478 [(M+H) + , CI 37 ]. 

[Example 106] 1 -[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(4,5,6,7-tetrahydrothieno[3 p 2-c]pyridi 
perazine hydrochloride 

[0573] In a similar manner to Example 7 except for the use of 1-[(5-tert-butoxycarbonyl-4 l 5,6 ( 7-tetrahydroth- 
ieno[3,2-c]pyrkiin-2-yl)carbonyf]-4-[(6-chlor^ as the raw material, the title com- 

pound was obtained. 

1 H-NMR (DMSOde) 6: 1.83(2H,br s), 3.04(2H, t, J=5.4Hz), 3.30-3.59(6H,m), 3.60-3.88(4H,m), 4.14(2H,s), 
7.20(1H,br s), 7.69(1 H,dd,J=8.8.2.0Hz), 7.84(1 H,d,J=8.8Hz), 8.10(1 H,d,J=8.8Hz), 8.17-8.21(2H,m), 8.50(1H,s), 
9.57(2H,br s). 

MS (FAB) m/z: 490 [(M+H) + , CI 35 ], 492 [(M+H) + , CI 37 ]. 



Elementary analysis for C23H25CIN3O3S2 • 1 . 1 HCI • 0.2H 2 O 


Calculated: 
Found: 


C, 51.66; 
C, 51.46; 


H, 4.99; 
H, 4.61; 


CI, 13.92; 
CI, 13.55; 


N, 7.86. 
N, 8.05. 



[Example 107] 4-[(6-Chloronaphthalen-2-yl)sulfonamido]-1 -[(4,5,6,7-tetrahydrothierto[3,2-c]pyridin-2-yl)carbonyf]pipe- 
ridine hydrochloride 

[0574] In a similar manner to Example 4 except for the use of S-tert-butoxycarbonyM.S.e^-tetrahydrothienoP^- 
c]pyridin-2-carboxylic acid and 4-[(6-chloronaphthalen-2-yl)sulfonamido]piperidine trif luoroacetate as the raw materials, 
the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.26-1 .38(2H,m), 1.58-1.65(2H,m), 2.93-3. 13(4H ( m), 3.29-3.40(3H,m). 3.90-4.05(2H,m), 
4.1 1 (2H,s), 7.16(1 H,s), 7.68(1 H,dd, J =8.0,2.0 Hz), 7.92(1 H,dd,J=8.8,2.0Hz), 8.07(1 H,d,J=7.3Hz), 
8.13(2H,d,J=8.8Hz), 8.20(1 H,d,J=7.3Hz), 8.23(1H,s). 8.51(1H,s), 9.71(2H,br s). 
MS (FAB) m/z: 490 [(M+H) + , CI 35 ], 492 [(M+H) + , CI 37 ]. 
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Elementary analysis for C23H25CIN3O3S2 • 2.4HCI • 3H 2 0 


Calculated: 
Found: 


C. 43.67; 
C, 43.85; 


H, 5.32; 
K 5.10; 


Cl f 19.05; 
CI. 19.07; 


N. 6.64. 
N, 6.63. 



[Example 1 08] 1 -[(6-Chloronaphthalen-2-yl)sutfony^ 
zine 

[0575] In a similar manner to Example 83 except for the use of 1-[(6<hloronaphthalen-2-yl)suHbnyt]-4-[(6- 
cyanobenzofuran-2-y1)carbonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 3.11(4H,s), 3.83(4H,br), 5.90(2H,br s), 7.34(1H,s), 7.64-7.75(3H,m), 
7.83(1 H,dd.J=8.8,2.0Hz), 7.89(1H,s), 8.17(1H,d,J=8.8Hz), 8.23(1 H,d,J=1.5Hz), 8.26(1 H,d.J=8.8Hz), 8.51(1H,s), 
9.77(1 H,s). 

MS (FAB) m/z: 513 [(M+H) + , CI 35 ], 515 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H2iCIN 4 05S-1/5H20 


Calculated: 


C, 55.80; 


H, 4.18; 


CI, 6.86; 




N, 10.70; 


S, 6,21. 




Found: 


C, 55.65; 


H, 4.25; 


CI, 6.81; 




N, 10.70; 


S, 6.37. 





[Example 109] 1 -[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(5-am 
erazine 

[0576] In a similar manner to Example 83 except for the use of 1-[(6-chloronaphthalen-2-yl)sulfbnyl]-4-[(5- 
cyanobenzothiophen-2-y1)carbonyl]ptperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 3.11(4H,s), 3.77(4H,s). 5.87(2H ( br s), 7.67(1 H,s). 7.71(1 H.d,J=2.0Hz), 

7.75(1 H,d,J=8.8Hz), 7.83(1 H,dd,J-8.8,2.0Hz), 7.94(1 H,d,J=8.8Hz), 8. 15(1 H,s), 8. 1 7(1 H,d,J-8.8Hz), 
8.25(1 H,d.J=8.8Hz), 8.29(1 H,d t J=8,3Hz), 8.50(1 H,s), 9.68(1 H,s). 
MS (FAB) m/z: 529 [(M+H) + , CI 35 ], 531 [(M+H) + , CI 37 ]. 



Elementary analysis for 




C24H21N4CIO4S2 • 0.3H 2 O 


Calculated: 


C, 53.94; 


H, 4.07; 


N, 10.48. 


Found: 


C. 54.22; 


H. 4.17; 


N, 10.23. 



[Example 110] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[[(1 RS)^-(pyridin^-yi)-3<ydohexene]<^rbonyl]piperazine 
hydrochloride 

[0577] In a similar manner to Example 12 except for the use of (1 RS)-4-(4-pyridyO-3-cyclohexenecarboxylic acid 
and 1-[(6-chloronaphthalen-2-yl)sulfonyfJpiperazine hydrochl ride as the raw materials, th reacti n was conducted, 
whereby the title compound was obtained. 
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1 H-NMR (DMSO-dg) 6: 1.50-1 .60(1 H,m), 1 .80-1 .90(1 H,m), 2.25-2.58(5^01), 2.80-2.90(1 H,m), 2.91 -3.10(1 H,m), 
3.46-3. 72(4H,m), 6.94(1 H.br s). 7.71(1H,dd,J=8.8,2.0Hz), 7.82(1 H,dd,J=8.3,2.0Hz), 7.96(2H,d,J=6.8Hz), 
8.15(1H,J=8.8Hz) t 8.24(1 H t J=2.0Hz), 8.27(1 H,J=8.8Hz), 8.50(1H,s), 8.76(2H,d,J=6.8Hz). 
MS (FAB) m/z: 496 [(M+H) + , d 35 ], 498 [(M+H)\ CI 37 ]. 



Elementary analysis for 
C26H26CIN3O3S • HCI • 1 .3H20 


Calculated: 


C, 56.18; 


H, 5.37; 


CI, 12.75; 




N, 7.56; 


S, 5.77. 




Found: 


C, 56.03; 


H, 5.29; 


CI, 12.67; 




N, 7.41; 


S, 5.77. 





[Example 111] 1-[(E)-4-Chlorostyrylsulfonyl]-4-[[(1 RS)-4-(pyridin-4-yl)-3-cyclohexene]carbonyl]piperazine hydrochlo- 
ride 

[0578] In a similar manner to Referential Example 12 except for the use of (1 RS)-4-(4-pyridy1)-3-cyclohexenecar- 
boxylic acid and 1-[(E)-4-chlorostyrylsulfonyi)piperazine hydrochloride as the raw materials, the reaction was con- 
ducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.59-1 .70(1 H,m), 1.90-1 .98(1 Km), 2.31-2.56(4H,m), 2.90-3.00(1 H,m), 3.13(4H,br s), 3.50- 
3.63(4H,m), 6.98(1H,br s), 7.35(1H,d,J=15.6Hz), 7.44(1 H,d,J=15.6Hz), 7.51(2H,d.J=8.3Hz), 7.80(1 H,J=8.3Hz), 
7.97(1 H,J=6.8Hz), 8.77(1 H,J=6.8Hz). 
MS (FAB) m/z: 472 [(M+H)\ CI 35 ], 474 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24 H 26CIN 3 0 3 S • 0.9HCI • 2.3H 2 0 


Calculated: 


C, 52.77; 


H, 5.81; 


CI. 12.33; 




N, 7.69; 


S, 5.87. 




Found: 


C, 52.61; 


H, 5.80; 


CI, 12.54; 




N, 7.44; 


S, 6.05. 





[Example 1 12] cis-, frans-1-[(6-Chloronaphthalen-2-yl)sutfony^ 
hydrochloride 

[0579] In a similar manner to Referential Example 12 except for the use of cis-, trans-4-(4-pyridyl)cyclohexanecar- 
boxylic acid and 1-[(6-chloronaphthalen-2-yl)sulfonyt]piperazine hydrochloride as the raw materials, the reaction was 
conducted, whereby the title compound was obtained. 

MS (FAB) m/z: 498 [(M+H) + , CI 35 ], 500 [(M+H) + , CI 37 ]. 



Elementary analysis for 




C 26 H28CIN 3 03S* 


1.3HCI-2H 2 0 


Calculated: 


C, 53.71; 


H, 5.77; 


CI, 14.02; 




N, 7.23; 


S, 5.51. 
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(continued) 



Elementary analysis for 




Cae^sCINaOaS- 


1.3HO2H 2 0 


Found: 


C, 53.70; 


H, 5.70; 


CI, 14.21; 




N, 7.13; 


S, 5.72. 





[Example 113] cis-, frans-H(EM-Ch1orostyry1sulfonyf]^ hydrochlo- 
ride 

[0580] In a similar manner to Referential Example 12 except for the use of cis-, trans-4-(4-pyridyl)cyclohexanecar- 
boxylic acid and 1-[(E)-4-chlorostyrylsulfonyl)piperazine hydrochloride as the raw materials, the reaction was con- 
ducted, whereby the title compound was obtained. 

MS (FAB) m/z: 474 [(M+H)\ CI 35 ], 476 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H28CIN3O3S • 1 .2HCI • 0.8H 2 O 


Calculated: 


C, 54.17; 


H, 5.83; 


CI, 14.66; 




N, 7.80; 


S, 6.03. 




Found: 


C. 54.21; 


H, 6.20; 


CI. 15.03; 




N, 7.51; 


S, 6.18. 





[Example 114] 1-[(6-Chloronaphthalen-2-yl)sulfo^ hydro- 
chloride 

[0581 ] In a similar manner to Example 7 except for the use of 1 -[(2-tert-butaxycarbonyM ,2,3,4-tetrahydroisoquino- 
lin-6-y1)carbonyl]-4-[(6-chloronaphthalen-2-yl)sulfonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 2.89-3.29(4H,m), 3.20-3.83(8H,m), 4.25(2H,s), 7.10-7.25(3H,m), 7.71(1H, d, J=8.3Hz), 
7.81(1H,d,J=8.3Hz), 8.17(1H,d,J=8.8Hz), 8.15-8.25(2H,m), 8.49(1H,s), 9.54(2H.brs). 
MS (FAB) m/z: 470 [(M+H) + , CI 35 ]. 472 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C24H24CIN3O3S • HCI • 2.0H 2 O 


Calculated: 


C, 53.14; 


H, 5.39; 


CI, 13.07; 




N, 7.75; 


S, 5.91. 




Found: 


C, 53.43; 


H, 5.43; 


CI, 13.15; 




N, 8.07; 


S, 5.55. 





[Example 115] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[(2-methyl-1 ,2,3,4-tetrahydroisoquinolin-6-yl)carbony0pipera- 
zine hydrochloride 

[0582] In a similar manner to Example 91 except for the use of 1 -[(6-chloronaphthalen-2-y1)sulfonyl]-4-[(1 ,2.3,4-tet- 
rahydroisoquinolin-6-yl)carbonyi]piperazine hydrochloride as the raw material, the reaction was conducted, wher by 
the title comp und was obtained. 
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1 H-NMR (DMSO-dg) 6: 2.88(3H,s), 2.90-3.80(1 3H,m) f 4.12-4.56(1 H,m), 7.19(1H,s), 7.20(2H,d,J=6,8Hz), 
7.72(1 H,dd,J=a8.2.0Hz), 7.81(1H,d.J=8.8Hz), 8.17(1H,d,J=8.8Hz), 8.24^8.28(2H,m), 8.49(1H.s). 10.93(1 H.brs). 
MS (FAB) m/z: 484 [(M+H) + , a 35 ], 486 [(M+H) + , CI 37 ]. 



Elementary analysis for 
Ca^CINaOaS • HCI • 2.3H 2 Q 


Calculated: 


C. 53.44; 


H, 5.67; 


CI, 12.62; 




N, 7.48; 


S. 5.71. 




Found: 


C. 53.71; 


H, 5.81; 


CI. 12.37; 




N, 7.26; 


S, 5.62. 





[Example 1 1 6] 6-Q4-t(6-Chloronaphthalen-2-yl)sulfonyl]piperazin-1 -yl]carbonyl]-2 l 2-dimethyl-1 , 2,3,4-tetrahydroisoquin- 
olinium iodide 

[0583] In a similar manner to Example 92 except for the use of 1-[(6-chloronaphthalen-2-yl)sulfonyf]-4-[(2-methyl- 
1,2,3,4-tetrahydroisoquinolin-6-yl)carbonyl]piperazine hydrochloride as the raw material, the title compound was 
obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.90-3.85(18H,m), 4.61(2H,s), 7.19(1H,d,J=7.8Hz), 7.24(1 H,d,J=7.8Hz), 7.28(1H,s), 
7.72(1 H,dd,J=8.8,1.5Hz), 7.81(1H,d,J=8.8Hz), 8.17(1H,d.J=8.8Hz), 8.20-8.31 (2H,m), 8.50(1 H.s). 



Elementary analysis for C 26 H29CIIN 3 03S • H 2 0 


Calculated: 
Found: 


C, 48.49; 
C, 48.66; 


K 4.85; 
H, 4.96; 


N, 6.53. 
N, 6.39. 



[Example 117] 1-[(6-Chloronaphthalen-2-yl)sulfonylH^ hydrochlo- 
ride 

[0584] In a similar manner to Referential Example 7 except for the use of 1-[4-(1-tert-butoxycarbonyl-1,2,3,6-tet- 
rahydropyridin-4-yl)benzoyl]-4-[(6-chloronaphthalen*2-yl)suKonyl]piperazine as the raw material, the title compound 
was obtained. 

1 H-NMR (DMSOd 6 ) 6: 2.67(2H,br s), 3.05(4H,br), 3.30(2H,br s), 3.35-3.78(6H,m), 6.24(1 H.br s), 
7.32(2H,d.J=8.3Hz), 7.47(2H,d,J=8.3Hz), 7.71(1 H.dd, J =8.8,2.0 Hz), 7.81(1H,dd,J=8.8,2.0Hz), 

8.17(1H,d,J=8.8Hz), 8.22-8.28(2H,m) 1 8.49(1H,s), 9.25(2H,br s). 
MS (FAB) m/z: 496 [(M+H) + , CI 35 ], 498 [(M+H) + , a 37 ]. 



Elementary analysis for 
CayHgeCINaOaS • HCI • 2/5H 2 0 


Calculated: 


C. 57.86; 


H, 5.19; 


CI, 13.14; 




N. 7.79; 


S, 5.94. 




Found: 


C, 57.91; 


H, 5.19; 


CI, 12.91; 




N, 7.75; 


S, 5.78. 
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[Example 118] 1-[(6-Chlor naphthalen-2-y1)suffonyl]-4^ 

[0585] In a similar manner to Referential Example 7 except for the use of 1-[4-(1-tert-butoxycarbonylpip ridin-4- 
yl)benzoyi]-4-[(6-ch]oronaphthalerv2-y1)sulfonyf]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO^d 6 ) 5: 1.78-1.94(4H,m), 2.80-3.2 1(7H,m), 3.30-3.84(6H,m), 7.23(2H,d,J=8.3Hz), 
7.28(2H,d,J=8.3Hz), 7.71(1H,dd l J=8.8,2.0Hz) l 7.80(1 H,dd,J=8.8,2.0Hz), 8.17(1H,d.J=8.8Hz), 8.22-8.27(2H,m), 
8.49(1 H,s), 8.78-9.00(2H,m). 

MS (FAB) m/z: 498 [(M+H) + , CI 35 ]. 500 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C2 6 H 28 CIN 3 03S • HCI • 3/5H 2 0 


Calculated: 


C. 57.27; 


H, 5.58; 


CI. 13.00; 




N, 7.71; 


S, 5.88. 




Found: 


C, 57.23; 


H, 5.52; 


CU2.90; 




N, 7.60; 


S, 5.83. 





[Example 119] (3RS)-3-[(6-Chloronaplithalen-2-yl)sulfonamidoH^ hydrochloride 

[0586] In saturated ethanol hydrochloride, (3RS)-1-tert4xjtoxycarbonyl-3-[(6-chloronaphthalen-2-yl)sulfona- 
mido]pyrrolidine was dissolved, followed by stirring at room temperature for 8 hours. The solvent was then distilled off 
under reduced pressure. In a similar manner to Example 4 except for the use of the resulting residue and 4-(4-pyri- 
dyl)benzoic acid as the raw materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 1.70-2.10(2H,m), 3.00-3.65(4H,m), 3.75-3.90(1 H,m), 7.50-8.40(1 3 H,m), 8.95-9.05(2H,m). 
MS (FAB) m/z: 492 [(M+H) + , CI 35 ], 494 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C2 6 H22CIN 3 03S • HCI • 1 .8H 2 0 


Calculated: 


C, 55.68; 


H, 4.78; 


N, 7.49; 




CI, 12.64; 


S, 5.72. 




Found: 


C, 55.62; 


H, 4.94; 


N, 7.67; 




CI, 12.76; 


S. 5.79. 





[Example 120] (3RS)-1-[(6-Chloronaprrtrralen-2-y0sulfony^ hydrochloride 

[0587] In saturated ethanol hydrochloride, (3RS)-1-tei1-butoxyc^rbonyl-3-[4-(4-pyridy0benzamido]pyrrolidine was 
dissolved, followed by stirring at room temperature for 4 hours. The solvent was then distilled off under reduced pres- 
sure. In a similar manner to Referential Example 1 except for the use of the resulting residue and 6-chloro-2-naphthyl- 
sulfonyl chloride as the raw materials, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 1.90-2.1 0(2 H,m), 3.00-3.60(4H,m), 4.15-4.25(1 H,m), 7.57(1 H,dd,J=8.8,2.0Hz), 
7.73(2H,d,J=8.8Hz), 7.85(1 H,dd,J=8.8,2.0Hz), 7.90(2H,d,J=8.8Hz), 7.95-8.05(2H,m), 8.18(1 H,d,J=8.8Hz), 8.30- 
8.40(3H,m), 8.50(1 H,s), 8.98(2H.d.J=6.4Hz). 
MS (FAB) m/z: 492 [(M+H) + , CI 35 ], 494 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C2 6 H22CIN 3 03S • 0.8HCI • 0.8H 2 O 



Calculated: 


C. 58.31; 


H, 4.59; 


N, 7.85; 




CI. 11.92; 


S, 5.99. 




Found: 


C, 58.27; 


H, 4.68; 


N, 7.80; 




CI, 11.94; 


S. 6.04. 





[Example 121] 1-[[(E)-2-(6-Chloropyridin-3-yl)eth^ 

[0588] In a similar manner to Example 7 except for the use of 1-tert-butoxycarbonyl-4-[[(E)-2-(6-chloropyridin-3- 
yl)ethylene]sulfonyl]piperazine as the raw material, the tert-butoxycarbonyl group was removed. The residue was sub- 
jected to the reaction as in Referential Example 116, whereby the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 3.10-3.31(4H,br), 3.40-3.84(4H,br) ( 7.50(1 H,d,J= 15.9Hz), 7.52(1 H,d,J=15.9Hz), 
7.46(3H,d.J=8.3Hz), 8.06(2H,d,J=8.3Hz), 8.28-8.33(3H,m), 8.79(1 H,d,J=2.0Hz), 8.94(2H.d.J=6.4Hz). 
MS (FAB) m/z: 469 [(M+H) + , CI 35 ], 471 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 2 3H 21 CIN40 3 S * HCI • 0.4H 2 O 



Calculated: 


C, 53.89; 


H, 4.48; 


N, 10.93; 




CI, 13.83; 


S, 6.26. 




Found: 


C, 53.95; 


H, 4.47; 


N, 11.02; 




CI, 13.91; 


S, 6.39. 





[Example 122] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[2-meW hydrochloride 

[0589] In a similar manner to Referential Example 7 except for the use of 1 -(4-bromo-2-methylbenzoyl)-4-[(6-chlo- 
ronaphthalen-2-yl)sutfonyl]piperazine as the raw material, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.20(3H,s), 2.80-4.00(8H,m), 7.36(1 H,d,J=8.3Hz), 7.73(1 H,dd,J=8.8,2.4Hz), 7.75- 
7.85(2H,m), 7.88(1H,s), 8.18(1H,d.J=8.8Hz) ( 8.20-8.30(4H,m), 8.50(1H,br s), 8.90(2H,d ( J=6.8Hz). 
MS (FAB) m/z: 506 [(M+H) + , CI 35 ], 508 [(M+H) + , CI 37 ]. 

[Example 123] 4-[4-[[4-[(6-Chloronaprrthalen-2-y^ N-oxide 

[0590] In a similar manner to Example 6 except for the use of 1-[(6-chloronaphthalen-2-y0surfonyl]-4-[2-methyl-4- 
(pyridin-4-y1)benzoyl]piperazine as the raw material, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (CDCI 3 )6: 2.27(3H,s). 2.80-4.20(8H,m), 7.16(1H,d,J=8.3Hz), 7.38(1 H,J=8.3Hz). 7.41(1H,br s), 
7.48(2H.d.J=6.8Hz), 7.61 (1 H,dd,J=8.8,1 .5Hz), 7.75(1 H,d,J=8.8Hz). 7.91 -7.97(3H,m), 8.28(2H,d.J=6.8Hz), 
8.31(1H,brs). 

MS (FAB) m/z: 522 [(M+H)\ CI 35 ], 524 [(M+H) + , CI 35 ). 
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Elementary analysis for C27H24QN3O4S • H 2 0 


Calculated: 


C, 60.05; 


H, 4.85; 


CI, 6.56; 




N, 7.78; 


S, 5.94. 




Found: 


C, 59.98; 


H, 4.89; 


Q, 6.51; 




N, 7.48; 


S, 5.92. 





[Example 124] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[3-m^ hydrochloride 

[0591 ] In a similar manner to Example 4 except for the use of 3-methy1-4-(4-pyridyi)benzoic acid hydrochloride as 
the raw material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-de) 6: 2.27(3H.s), 3.08(4H,br), 3.47(2H,br), 3.72(2H 1 br), 7. 26-7.37(3 Km), 

7.73(1 H,dd.J=8.8,2.0Hz), 7.83(1 H,dd,J=8.8,2.0Hz), 7.86(2 H t d,J=6.8Hz), 8.18(1 H,d ( J=8.8Hz), 8.25-8.29(2H,m), 
8.50(1 H.br s), 8.87(2H,d,J=6.8Hz). 
MS (FAB) m/z: 506 [(M+H) + , CI 35 ], 508 [(M+H) + , CI 35 ]. 



Elementary analysis for 
C27H24CIN3O3S • 0.9HCI • 1 .7H 2 0 


Calculated: 


C, 56.95; 


H, 5.01; 


CI, 11.83; 




N, 7.38; 


S, 5.63. 




Found: 


C, 57.08; 


H, 5.04; 


CI, 11.75; 




N, 7.37; 


S, 5.49. 





[Example 125] 4-[4-[[4-[(6-Ch!oronaplrthaIen-2-yl)sufo^ N-oxide 

[0592] In a similar manner to Example 6 except for the use of 1 -[(6-chloronaphthalen-2-y1)sulfonyt]-4-[3-methyl-4- 
(pyridin-4-yl)benzoyl piperazine as the raw material, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (CDCI3) 6: 2.28(3H,s), 3.13(4H,br), 3.63(2H,br), 3.86(2H,br), 7.15-7.28(5H,m), 7.60(1 H,d,J=8.8Hz), 
7.76(1 H,d,J=8.8Hz), 7.90-7.96(3H,m), 8.26(2H,d,J=6.8Hz) ( 8.31 (1H,s). 
MS (FAB) m/z: 522 [(M+H) + , CI 35 ], 524 [(M+H) + , CI 35 ]. 



Elementary analysis for C27H24CIN3O4S • H 2 0 


Calculated: 


C, 60.05; 


H, 4.85; 


CI, 6.56; 




N, 7.78; 


S ( 5.94. 




Found: 


C. 59.71; 


H, 4.68; 


CI, 6.87; 




N. 7.63; 


S. 5.91. 





[Example 126] 1-[(6-Chloronaphthalen-2-yl)sulfonyl]-4-[4-(2-methylpyridin^-yl)benzoyl]piperazine hydrochloride 
[0593] In a similar manner to Example 4 except for the use of 4-(2-methyl-4-pyridyl)benzoic acid hydrochloride as 
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the raw material, the reaction was conducted, whereby the title compound was obtained. 

1 H-NMR (DMSOd 6 ) 6: 2.76(3H t s), 3.00-3.90(8H,m), 7.56(2H,d,J=8.3Hz), 7.74(1 H,dd t J=8.8,2.4Hz), 
7.83(1 H,dd,J=8.8,2.0Hz), 8.00(2H,d.J=8.3Hz), 8.14(1H,d ( J=6.4Hz), 8.19(1 H,d. J =8. 8Hz), 8.22-8.29(3H,m), 
8.51(1H,br s). 8.80(1 H,d,J=6.4Hz). 
MS (FAB) m/z: 506 [(M+H) + , CI 35 ], 508 [(M+H) + , CI 35 ]. 



Elementary analysis for 
CayHg^lNaOaS-Ha-aHgO 


Calculated: 


C. 56.06; 


H, 5.05; 


CI, 12.26; 




N, 7.26; 


S, 5.54. 




Found: 


C 55.84; 


H t 5.03; 


CI, 12.26; 




N, 6.87; 


S, 5.54. 





[Example 127] 4-[4-[[4-[(6-Chloronaphthalen-2-yI)suKonyt]-p^ N-oxide 

[0594] In a similar manner to Example 6 except for the use of 1 -[(6-chloronaphthalen-2-yl)sulfbnyl]-4-[4-(2-methyl- 
pyridin-4-yl)benzoyl]piperazine as the raw material, the reaction was conducted, whereby the title compound was 
obtained. 

1 H-NMR (CDCI3) 6:2.58(3H,s), 3.13(4H,br), 3.65(2H,br), 3.84(2H,br), 7.34(1 H ( dd ( J=6.8,2.4Hz), 
7.41(2H,d,J=8.3Hz), 7.45(1 H,d,J=2.4Hz) l 7.56-7.62(3 H,m), 7. 76(1H,dd,J =8.8,2.0 Hz), 7.91-7.96(3H,m), 8.28- 
8.32(2H,m). 

MS (FAB) m/z: 522 [(M+H) + , CI 35 ], 524 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 2 7H 2 4CIN 3 04S • H 2 0 • 0.05CH 2 a 2 


Calculated: 


C, 59.69; 


H, 4.83; 


CI, 7.16; 




N, 7.72; 


S, 5.89. 




Found: 


C, 59.47; 


H, 4.87; 


CI, 6.98; 




N, 7.48; 


S, 6.10. 





[Example 1 28] 4-[4-[[4-[(6-Chloronaprrthalen-2-y0suffony^ - 
yl]carbonyl]phenyl]pyridine N-oxide 

[0595] In a similar manner to Example 4 except for the use of 4-[4-[[2-carboxy-4-[(6-chloronaphthalen-2-yl)surfo- 
nyl]piperazin-1-yl]carbonyl]phenyl]pyridine N-oxide and 4-(2-aminoethyl)morpholine as the raw materials, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR {CDCI3) 6: 2.22(4H ( s), 2.35-2.80(6H,br), 3.20-3.90(3H,br), 3.74(4H,s) ( 4.20-4.60(1 H.br), 5.25- 
5.50(1 H,br), 6.80-7.20(1 H,br), 7.45-7.70(7H,m), 7.76(1 H,d.J=8.8Hz), 7.85-7.95(3H,m), 8.26(2H,d ( J=6.9Hz), 
8.32(1 H,s). 

MS (FAB) m/z: 664 [(M+H) + , CI 35 ], 666 [(M+H)\ CI 37 ]. 

[Example 1 29] 4-[4-[[4-[(6-Chloronaphthalen-2-yl)sufo^ - 
yl]carbonyl]phenyl]pyridine N-oxide 

[0596] In a similar manner to Example 4 except for the use of 4-{4-[[2K»rboxy-4-[(6-chloronaphthalen-2-yl)sulf - 
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nyl]piperazin-1 -yI]carbonyf]phenyl]pyridine N-axide and 2-(dimethylamino)ethylamine as the raw materials, the reaction 
was conducted, whereby the title compound was obtained. 

1 H-NMR (CDCI 3 ) 6: 2.29(6H,s), 2.35-2.75(6H,br), 3.35-3.90(3H t br), 4.40-4.60(1 H.br), 5.25-5.50(1 H,br), 7.00- 
7.20(1H,br), 7.45-7.65(7H,m), 7.77(1 H,dd, J =8.8. 1.4Hz), 7.85-7.95(3H,m), 8.26(2H,d,J=7.3Hz), 8.34(1H,s). 
MS (FAB) m/z: 622 [(M+H) + , CI 35 ], 624 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C31H32N5O5S • 0.05CH 2 a 2 • 2H 2 0 


Calculated: 


C, 56.30; 


H, 5.49; 


N, 10.57; 




CI, 5.89; 


S, 4.84. 




Found: 


C, 56.27; 


H, 5.37; 


N, 10.39; 




CI, 6.01; 


S, 4.91. 





[Example 1 30] 4-[(6-Chloronaprtthalen-2-yl)sulfonyl]-2-methoxycarbonylmethyl-1 -[4-(pyridin-2-yl)benzoyl]piperazine 

[0597] In a similar manner to Referential Example 1 1 6 except for the use of 1 -[(6-chloronaphthalen-2-yl)sulfonyf]- 
3-methoxycarbonytmethylpiperazine and 4-(2-pyridyl)benzoic acid hydrochloride as the raw materials, the reaction was 
conducted, whereby the title compound was obtained. 

1 H-NMR (DMSO-dg) 6: 2.30-4.50(1 1H,m), 5.06(1 H,br s), 7.30-7.50(3H,m), 7.72(1 H,dd,J=8.8,2.0Hz), 7.80- 
7.85(1H,m), 7.85-7.95(1 H,m), 7.98(1 H,d,J=7.8Hz), 8.10(2H,d,J=8.3Hz), 8.18(1H,d,J=8.8Hz), 8.25-8.30(2H,m), 
8.51 (1H,s), 8.65-8.70(1 H,m). 

MS (FAB) m/z: 564 [(M+H)\ CI 35 ], 566 [(M+H) + , CI 37 ]. 



Elementary analysis for 

C29H26CIN3O5S '1.1^120 


Calculated: 


C, 59.66; 


H, 4.87; 


N, 7.20; 




CI, 6.07; 


S, 5.49. 




Found: 


C, 59.53; 


H, 4.61; 


N, 7.05; 




CI. 6.33; 


S. 5.70. 





[Example 131] 4-[(6-Chloronaphthalen-2-yl)sulfonyl]-2-carboxy^ hydrochlo- 
ride 

[0598] In a similar manner to Referential Example 3 except for the use of 4-[(6-chloronaphthalen-2-yl)sulfonyl]-2- 
methoxycarbonylmethyl-1-[4-(pyridin-2-y1)benzoyf]piperazine as the raw material, the reaction was conducted, whereby 
the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.30-4.50(8H,m), 5.05(1 H.br s), 7.35-7.40(1 H.m), 7.43(2H,d,J=8.8Hz). 

7.72(1 H,d,J=8.3Hz), 7.81 (1 H,d,J=8.8Hz), 7.85-7.90(1 H,m), 7.97(1 H,d,J=7.8Hz). 8.08(2H.d.J=8.8Hz), 
8.17(1H.d.J=8.8Hz), 8.25-8.30(2H.m), 8.49(1 H,s). 8.65-8.70(1 H.m). 
MS (FAB) m/z: 550 [(M+H) + , CI 35 ], 552 [(M+H) + , CI 37 ]. 
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Elementary analysis for 
C28H24CIN3O5S • 0.4HCI • 0.9H 2 O 


Calculated: 


C. 57.90; 


H, 4.55; 


N, 7.23; 




CI, 8.55; 


S, 5.52. 




Found: 


C, 57.76; 


H, 4.26; 


N, 7.02; 




CI. 8.44; 


S, 5.27. 





[Example 132] 2-Carbamoylmethyl-4-[(6^hloronaphthalen-2-yl^ hydro- 
chloride 

[0599] In a similar manner to Referential Example 35 except for the use of 4-[(6-chloronaphthalen-2-y1)sulfonyl]-2- 
carboxymethyl-1-[4-{pyridin-2-yl)benzoyi]pipera2ine as the raw material, the reaction was conducted, whereby the title 
compound was obtained. 

1 H-NMR (DMSO-dg) 6: 2.20-4.50(8H,m), 5.10(1 H.br s), 6.96(2H,br s), 7.45-7.55(3H,m), 7.70-7.85(3H,m), 8.05- 

8.35(6H.m), 8.50(1H,s), 8.81(1 H,d,J=4.9Hz). 

MS (FAB) m/z: 549 [(M+H) + , CI 3 *]. 551 [(M+H) + , CI 37 ]. 



Elementary analysis for 
C 28 H25CIN40 4 S • 1 .3HCI • 1 .5H 2 0 


Calculated: 


C, 53.94; 


H, 4.74; 


N, 8.99; 




CI, 13.08; 


S, 5.14. 




Found: 


C, 53.85; 


H, 4.87; 


N, 8.80; 




CI, 13.19; 


S, 5.27. 





[Example 133] 1-[(Z)-4-Chloro-p-(2-riydroxyethan-1-yl)-p-sty^ hydro- 
chloride 

[0600] Under ice cooling, 4-tert-butoxycarbonyM -[(Z)-4<N 

erazine (355 mg) was dissolved in ethanol (3 ml), followed by the addition of saturated ethanol hydrochloride (6 ml). The 
resulting mixture was stirred at room temperature for 1 hour. After the reaction mixture was concentrated under reduced 
pressure, the residue was provided for the similar reaction as in Example 4, whereby the title compound (285 mg, 65%) 
was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.58(2H,t ( J=6.6Hz), 3.06(4H,br s), 3.15-3.60(4H,br), 3.68(2 H,t, J =6.6Hz), 7.24(1H,s), 
7.38(2H,d.J=8.6Hz), 7.40(2H,d.J=8.6Hz), 7.47-7.57(3H,m), 8.02-8. 10(2H,m), 8.14(2H,d.J=8.3Hz), 
8.74(1 H,d.J=4.4Hz). 
MS (FAB)m/z:512(M+H) + . 

[Example 134] 1-[(E)-4<hloro-p-(2-hydroxyethan-1-yl)-p-styiylsulfonyl]-4-[4-(pyrW hydrochlo- 
ride 

[0601] In a similar manner to Example 133 except for the use of 4-tert-butoxycarbonyl-1-[(E)-4-chloro-p-[2-(meth- 
oxymethyloxy)ethyl]-p-styrylsulfonyl]piperazine as the raw material, the title compound was obtained. 

1 H-NMR (DMSO-d 6 ) 6: 2.74(2H ( t,J=7.3Hz), 3.27(4H.br s), 3.37-3.85(6H,m), 7.45(1H,s) f 7.50-7.60(5H,m), 
7.68(2H,d,J=8.3Hz), 8.06-8. 17(4H,m), 8.75(1 H,d,J=4.9Hz). 



143 



EP 1 031 563 A1 



MS (FAB) tn/z: 512 (M+H)\ 



Elementary analysis for 
CaeHajCINaCUS • 1 . 1 HCI • 0.8H 2 O 


Calculated: 


C. 55.12; 


H, 5.11; 


N, 7.42; 




Q. 13.14; 


S. 5.66. 




Found: 


C, 55.22; 


H, 5.21; 


N, 7.20; 




CI, 12.97; 


S, 5.66. 





75 [Test 1] Measurement of Ki value against FXa 

[0602] In a 96-well microliter plate, 5 jjlI of a sample solution, 5 fit of purified water, 40 uJ of a 100 mM tris - 200mM 
sodium chloride • 0.2% BSA (pH: 7.4) buffer and 10 fil of 0.05 U/ml human FXa (product of Enzyme Research, dis- 
solved in and diluted with a measuring buffer) were poured, followed by the addition of 40 jxl of S2222 (product of Chro- 
20 mogenix, final concentration: 75, 150, 300 and 600 jiM). An increase in the absorbance at 405 nm was measured at 
room temperature for 15 minutes. From a reciprocal of the reaction rate and concentration of the inhibitor, four primary 
regression equations ( Y= aX + b ) were found (Dixon Plot). The median of six values available by solving simultaneous 
equations was designated as a Ki value. 

[0603] Tlie Ki values of the compounds obtained in Examples 91 and 93 against FXa were 6.6 nM and 10.9 nM, 
25 respectively. 

[Test 2] Measurement of Ki value against thrombin 

[0604] In a 96-well microliter plate, 5 \i\ of a sample solution, 5 jxl of purified water, 40 pJ of a 100 mM tris - 200mM 
30 sodium chloride -0.2% BSA (pH: 7.4) buffer and 10 \l\ of 5 U/ml human thrombin (product of Sigma Chemical, dissolved 
. in and diluted with a measuring buffer) were poured in portions, followed by the addition of 40 (xl of S2226 (product of 
Chromogenix, final concentration: 50, 100, 200 and 400 |iM). An increase in the absorbance at 405 nm was measured 
at room temperature for 15 minutes. From a reciprocal of the reaction rate and concentration of the inhibitor, four pri- 
mary regression equations ( Y= aX + b ) were found (Dixon Plot). The median of six values available by solving simul- 
35 taneous equations was designated as a Ki value. 

[0605] The Ki values of the compounds obtained in Examples 91 and 93 against thrombin were 0.4 |iM and 3.3 jiM, 
respectively. 

[Test 3] Measurement of FXa inhibitory action (IC50) 

40 

1) Reaction rate method 

[0606] In a 96-well microtiter plate, 10 jxl of a sample solution, 40 fxJ of a 100 mM tris - 200mM sodium chloride - 
0.2% BSA (pH: 7.4) buffer and 10 \i\ of 0.05 U/ml human FXa ("Cosmobio-ERL HFXa-10ir. dissolved in and diluted 
45 with a measuring buffer) were poured in portions, followed by the addition of 40 ml of S2222 (product of Chromogenix). 
An increase (mOD/min) in the absorbance at 405 nm was measured at room temperature. From the below-described 
equation, an inhibitory ratio % of each sample was determined. On a logarithmic probability paper, the final concentra- 
tion of the sample and inhibitory ratio % were plotted along the abscissa and the ordinate, respectively, whereby a 50% 
inhibitory concentration (IC50) was determined. 

50 

Inhibitory ratio (%) = (1 - OD of sample + OD of control) x 100 
[0607] The compound of Example 92 showed a FXa 50% inhibitory concentration of 7.8 nM. 
55 2) End point method 

[0608] A sample solution (100 |il), 280 fil of a 100 mM tris - 200mM sodium chloride (pH 7.4) buffer and 100 ul of a 
1 mM S2222 (Chromogenix Corp.) solution were mixed and heated at 37°C. To the resulting mixture, 20 ul of 0.625 U/ml 
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human FXa ("Cosmobio-ERL HFXa-101 T, dissolved in and diluted with a measuring buffer) were added, followed by 
heating at 37°C for 15 minutes. To the resulting mixture. 100 fil of 1 M citric acid were added and then, the absorbance 
at 405 nm was measured. The mixture to which only the diluting solvent for the sample was added instead of the sample 
was used as a blank, while the mixture to which 1 M citric acid was added prior to the addition f FXa was used as a 
5 control. The concentration of the sample (IC50) at which 50% of FXa activity was inhibited was determined and it was 
designated as an index of FXa inhibitory action. 

[0609] The compounds of Example 6 and 19 exhibited a FXa 50% inhibitory concentration of 125 nM and 72 nM, 
respectively. 

10 [Test 4] Measurement of thrombin inhibitory action (IC50) 

1) Reaction rate method 

[0610] In a 96- well microtrter plate, 10 ^l of a sample solution, 40 \i\ of a 100 mM tris - 200mM sodium chloride - 
15 0.2% BSA (pH: 7.4) buffer and 10 ^il of 4 UAnl human thrombin (Sigma Chemical, dissolved in and diluted with a meas- 
uring buffer) were poured, followed by the addition of 40 pJ of 500 yJvl S2266 (product of Chromogenix). An increase 
(mOD/min) in the absorbance at 405 nm was measured at room temperature. From the below-described equation, an 
inhibitory ratio % of each sample was determined. On a logarithmic probability paper, the final concentration of the sam- 
ple and inhibitory ratio were plotted along the abscissa and the ordinate, respectively, whereby a 50% inhibitory con- 
20 centration (IC50) was found. 

Inhibitory ratio (%) = (1 - OD of sample -r OD of control) x 100 

[061 1 ] Tlie compound of Example 1 9 showed a thrombin 50% inhibitory concentration of 1 .9 |iM. 

25 

2) End point method 

[0612] A sample solution (100 jil), 280 \i\ of a 100 mM tris - 200mM sodium chloride (pH 7.4) buffer and 100 \i\ of 
1mM S2238 (Chromogenix) solution were mixed and heated at 37°C. To the resulting mixture, 20 uJ of 1 U/ml human 

30 thrombin (Sigma Chemical, dissolved in and diluted with a measuring buffer) were added, followed by heating at 37°C 
for 10 minutes. To the resulting mixture, 100 }il of 1M citric acid were added and then, the absorbance at 405 nm was 
measured. The mixture to which only the diluting solvent was added instead of the sample was used as a blank, while 
the mixture to which 1 M citric acid was added prior to the addition of thrombin was used as a control. The sample con- 
centration (IC50) at which 50% of thrombin activity was inhibited was found and it was designated as an index of 

35 thrombin inhibitory action. 

[061 3] The compound of Example 92 exhibited a thrombin 50% inhibitory concentration not less than 200 fiM. 

[Test 5] Measurement of coagulation extending action (measurement of prothrombin time) 

40 [0614] Plasma (20 and 20 pJ of a sample solution were mixed. To the resulting mixture, 40 ml of cynplastin (prod- 
uct of Organon Teknika) were added and the coagulation time was measured. The concentration of the sample (CT2) 
at which the coagulation time of the plasma was increased twice was found and it was designated as an index of anti- 
coagulant action. 

[061 5] The compound of Example 92 showed CT2 of 0.35 jiM. 

45 

[Test 6] Test of oral administration 
1) Method 

so [061 6] A sample was dissolved or suspended in a 0.5% (w/v) methyl cellulose solution and the resulting solution or 
suspension was orally administered (10 ml/kg) to a 8 to 1 1 week-old rat (Wistar male rat (Nippon SLC Co., Ltd.)) which 
had been fasted overnight After administration of the sample, the blood to which 1/10 part by weight of 3.13% (w/v) 
sodium citrate had been added was collected from the cervical vein. The rat was awakened except during the blood col- 
lection. Feeding was re-started 6 hours after the blood collection. From each blood sample, the plasma was separated 

55 by centrifugal separation and anti-FXa activity in the blood and prothrombin time extending action were measured. 
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2) Measuring method 

2-1) Measurement of anti-FXa activity in the plasma 

s [061 7] In a 96-well plate, 5 jjlI of the plasma was poured in portions, followed by the addition of 55 jil of a 8:1 :2 mix- 
ture of 100 mM tris - 200 mM sodium chloride - 0.2% BSA (pH 7.4) buffer, water and 0.1 U/ml human Factor Xa solution 
(dissolved in and diluted with a measuring buffer) and 40 pJ of 750 jiM S-2222. After stirring for 10 seconds in a plate 
mixer, an increase (mOD/min) of the absorbance at 405 nm was measured at room temperature. The inhibitory ratio 
was calculated as follows: 

10 

An inhibitory ratio (%) = (1 - OD of sample -f OD of control 
on average relative to blood-collecting time of sample) x 100 

is 2-2) Measurement of coagulation extending action in oral administration (measurement of prothrombin time) 

[061 8] To 20 (il of the plasma, 40 jxl of cynplastin (Organon Teknika/US A) were added and the coagulation time was 
measured. The ratio of the prothrombin time after the administration of the sample relative to the prothrombin time 
before the administration of the sample was designated as an index of the coagulation extending action. 

20 

3) Result 

[061 9] The compound of Example 1 10 showed an anti-FXa activity of 70% in the plasma one hour after the admin- 
istration of 30 mg/kg of the sample. It extended the prothrombin time by 1 .1 8 times. 

25 

[Test 7] Testing method of anti-thrombus effects in a tissue thromboplastin-derived rat DIC model 

[0620] A rat was anesthetized with halothane. After the collection of the blood (for measurement of the number of 
platelets, anti-FXa activity and TAT) from its cervical vein by using 1/10 part by weight of 3.1 3% (w/v) sodium citrate, the 

30 sample was administered orally. At an appropriate time after the administration, the rat was intraperitoneally anesthe- 
tized (1 mg/kg) with Nembutal (50 mg/ml pentobarbital sodium, Abott Laboratories), followed by intravenous drip of 0.2 
U/ml of tissue thromboplastin (Thromboplastin C plus, Dade Diagnostics of P. R. Inc.,) from the femoral vein for one 
minute at a race of 2.5 to 3.0 ml/kg/min. The blood was collected (for measuring the number of platelets and anti-FXa 
activity) from the cervical vein 10 minutes after the intravenous drip and the blood was collected (for measuring TAT) 

35 from the cervical vein 20 minutes after the blood collection. The number of platelets, anti-FXa activity in the plasma and 
TAT concentration of each blood sample were measured. The number of the platelets was measured by an automatic 
cytometer, while the anti-FXa activity in the plasma was measured in a similar manner to that described in Test 7. 
[0621] For the measurement of TAT (Thrombin-anti* Thrombin = complex), EnzygnostR TAT micro kit (Boering 
Verke) was employed. 

40 [0622] As a result of the oral administration of 30 mg/kg of the compound of Example 95, apparent anti-FXa action 
in the plasma was recognized and a decrease in the number of the platelets and an increase in the TAT concentration 
were suppressed (the tissue thromboplastin was administered one hour after the administration of the sample). 

Capability of Exploitation in Industry 

45 

[0623] The sulfonyl derivative according to the present invention exhibits anticoagulant action based on excellent 
FXa inhibitory action so that without acting on a platelet, it can treat or prevent various diseases caused by a thrombus 
or embolus such as cerebral infarction, cerebral embolism, myocardial infarction, pulmonary infarction, pulmonary 
embolism, Buerger's disease, deep vein thrombosis, disseminated intravascular coagulation syndrome, thrombus for- 
50 mation after valve replacement, reocclusion after revascularization, formation of a thrombus upon extracorporeal circu- 
lation or coagulation upon blood collection. 

Claims 

55 1 . A sulfonyl derivative represented by the following formula (I): 
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(X) 



[wherein R 1 represents a hydrogen atom, a hydroxy! group, a nitro group, a cyano group, a halogen atom, an alkyt 
group, a hydroxyalky) group, an alkoxyl group, an alkoxyalkyl group, a carboxyl group, a carboxyalkyl group, an 
alkyicarbonyl group, an alkoxycarbonyt group, an alkoxycarbonyialkyl group, an alkylcarbonyloxy group or a group 
A 1 -B 1 -(in which A 1 represents an amino group which may have one or two substituerrts, a saturated or unsaturated 
5- or 6-membered cyclic hydrocarbon group which may have a substituent or a saturated or unsaturated 5- or 6- 
membered heterocyclic group which may have a substituent and B 1 represents a single bond, a carbonyl group, an 
alkylene group, a carbonylalkyl group, a carbonylalkyloxy group or an alkytenecarbonyloxy group), 

R 2 and R 3 each independently represents a hydrogen atom, a halogen atom, an alkyl group, a hydroxyalkyl 
group or an alkoxyalkyl group or R 2 or R 3 may be coupled together with R 1 to form a alkylene or alke- 
nylene group, 

R 4 and R 5 each independently represents a hydrogen atom, a hydroxy! group, a halogen atom, an alkyl group 
or an alkoxyl group (with the proviso that R 4 and R 5 do not represent a hydrogen atom at the same time), 
Q 1 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group which may have a sub- 
stituent, a saturated or unsaturated 5- or 6-membered heterocyclic group which may have a substituent or a 
saturated or unsaturated bicyclic or tricyclic fused ring group which may have a substituent, 
Q 2 represents a single bond, an oxygen atom, a sulfur atom, a linear or branched alkylene group, a linear 
or branched C2-6 alkenylene group, a linear or branched C2-6 alkynylene group, a group -N(R 6 )-CO- (in which 
R 6 represents a hydrogen atom or an alkyl group), a group -N(R 7 )-(CH2)m-(in which R 7 represents a hydrogen 
atom or an alkyl group and m stands for an integer of 0 to 6) or a group of the following formula: 



(which represents a divalent saturated or unsaturated 5-or 6-membered cyclic hydrocarbon group which may 
have a substituent, a divalent saturated or unsaturated 5- or 6-membered heterocyclic group which may have 
a substituent or a divalent saturated or unsaturated dicyclic fused ring group which may have a substituent and 
<-C means the bonding of the carbon atom of this group to Q 1 ), 
Q 3 represents any one of the following groups: 
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(in which when the carbon atom to which each of R 8 , R 9 , R 10 , R 11 , R 12 R 13 , R 15 and R 16 is bonded is not adja- 
cent to a nitrogen atom, R 8 , R 9 , R 10 , R 11 , R 12 . R 13 , R 15 and R 16 each independently represents: 
a hydrogen atom, 
a hydroxyl group, 
an alky) group, 
an alkoxy) group, 
an alkoxyalkyl group, 
an alkoxyalkyloxy group, 
a hyroxyalkyl group, 
a hydroxyalkyloxy group, 
a hydroxyalkylsulfonyl group, 
a formyl group, 
a formylalkyl group, 
a formyl al kylcarbonyl group, 
a formylalkylsulfonyl group, 
an alkylcarbonyl group, 
an alkylsurfonyl group, 
an alkylcarbonytalkyt group, 
an alkylsulfonylalkyi group, 
a carboxyl group, 
a carboxyaJkyl group, 
a carboxyaJkyl oxy group, 
a carboxyaJ kylcarbonyl group, 
a carboxyaJ kylsulfonyl group, 
a carboxyaJ kylcarbonylalkyl group, 
a carboxyaJ kytsulfonylalkyl group, 
an alkoxycarbonyt group, 
an aJkoxycarbonylalkyl group, 
an alkoxycarbonylalkyloxy group, 
an alkoxycarbonylalkylcarbonyi group, 
an alkoxycarbonylalkylsuifony) group, 
an amino group which may have one or two substituents, 
an aminoaikyl group in which the amino moiety may have one or two substituents, 
an aminoalkyloxy group in which the amino moiety may have one or tw substituents, 
anamin alkylcarbonyl group in which the amino moiety may have one rtw substituents, 
an ami noal kylcarbonyl oxy group in which the amino moiety may have one or two substituents, 
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an aminocarbonyl group in which the amino moiety may have ne or tw substrtuents, 
an aminocarbonylalkyl group in which the amino moiety may have n or two substrtuents, 
an aminocarbonylalkyloxy group in which the amino moiety may have one or two substrtuents or 
a group A 2 -B 2 - (in which A 2 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group 
which may have a substrtuent or a saturated or unsaturated 5- or 6-membered heterocyclic group which may 
have a substrtuent and B 2 represents a single bond, a carbonyl group or an alkylene group), 
when the carbon atom to which each of R 8 . R 9 R 10 . R 1 1 , R 12 R 13 , R 1 5 and R 16 is bonded is adjacent to a nitro- 
gen atom, R 8 R 9 , R 10 , R 11 , R 12 R 13 , R 15 and R 16 each independently represents: 
a hydrogen atom, 
an alkyl group, 
a hyroxyalkyl group, 
a hyroxyalMcarbonyl group, 
a hydroxyalkylsulfonyi group, 
a formyt group, 
a formylalkyl group, 
a formylalkylcarbonyl group, 
a formylalkylsulfonyl group, 
an alkytcarbonyl group, 
an alkylsulfonyl group, 
an alkylcarbonylalkyl group, 
an alkylsuHbnylalkyl group, 
a carboxyl group, 
a carboxyalkyl group, 
a carboxyalkyl carbonyl group, 
a carboxyalkylsulfbnyl group, 
a carboxyalkylcarbonylalkyi group, 
a carboxyalkytsulfonylalkyl group, 
an alkoxyalkyl group, 
an alkoxy carbonyl group, 
an alkoxycarbonylalkyl group, 
an alkoxycarbonyalkyl carbonyl group, 
an alkoxycarbonylalkylsulfonyl group, 

an aminoalkyl group in which the amino moiety may have one or two substituents, 

an aminoalkylcarbonyl group in which the amino moiety may have one or two substituents, 

an aminocarbonyl group in which the amino moiety may have one or two substrtuents, 

an aminocarbonylalkyl group in which the amino moiety may have one or two substituents or 

a group A 3 -B 3 - (in which A 3 represents a saturated or unsaturated 5- or 6-membered cyclic hydrocarbon group 

which may have a substrtuent or a saturated or unsaturated 5- or 6-membered heterocyclic group which may 

have a substrtuent and B 3 represents a single bond, a carbonyl group or an alkylene group), 

R 8 and R 9 , R 10 and R 11 , R 12 and R 13 and R 15 and R 16 may each be coupled together with a carbon atom 

which constitutes the ring and represent a saturated or unsaturated 5-to 7-membered cyclic hydrocarbon 

group which may have a substrtuent or a saturated or unsaturated 5- to 7-membered heterocyclic group which 

may have a substrtuent, 

R 14 and R 17 each independently represents: 

a hydrogen atom, 

an alkyl group, 

a hydroxyalkyl group, 

a hyroxyalkyl carbonyl group. 

a hydroxyalkylsulfonyi group, 

an alkoxyl group, 

an alkoxyalkyl group, 

an alkoxyalkyl carbonyl group, 

an aikoxyalkylsulfonyl group, 

a formyl group, 

a formylalkyl group, 

a formylalkylcarbonyl group, 

a formylalkylsulfonyl group, 

an alkylcarbonyl group, 
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an alkylcarbonylalkyl group, 

an alkylsulfonyl group, 

an alkylsuKonylalkyl group, 

a carboxyalkyl group, 

a carboxyalkylcarbonyl group, 

a carboxyalkylsulfonyl group, 

a carboxyalkylcarbonylalkyl group, 

a carboxyalkyfsulfonylalkyl group, 

an alkoxycarbonyl group, 

an alkoxycarbonylalkyl group, 

an alkoxycarbonylalkylcarbonyl group, 

an alkoxycarbonylalkylsulfonyl group, 

an amino group which may have one or two substituents, 

an aminoalkyl group in which the amino moiety may have one or two substituents, 

an aminoalkytoxy group in which the amino moiety may have one or two substituents, 

an aminoalkylcarbonyl group in which the amino moiety may have one or two substituents, 

an aminoalkyloxycarbonyl group in which the amino moiety may have one or two substituents, 

an aminocarbonyl group in which the amino moiety may have one or two substituents, 

an aminocarbonylalkyl group in which the amino moiety may have one or two substituents, and 

an aminocarbonyloxyalkyl group in which the amino moiety may have one or two substituents, 

R 14 and R 12 or R 13 may be coupled together with a carbon atom constituting a ring and with a nitrogen atom 

to which R 14 is bonded to form a saturated or unsaturated 5- to 7-membered heterocyclic group which may 

have a substrtuent, 

R 17 and R 15 or R 16 may be coupled together with a carbon atom constituting a ring and with a nitrogen atom 
to which R 17 is bonded to form a saturated or unsaturated 5- to 7-membered heterocyclic group which may 
have a substrtuent, and 

a, b, d, e and g each independently stands for an integer of 0 or 1 , c stands for an integer of 0 to 3, f, h and i 
each independently represents an integer of 1 to 3, with the proviso that the sum of a, b and c stands for an 
integer of 2 or 3, the sum of d and e stands for an integer of 0 or 1 and the sum of f, g and h stands for an integer 
of 3 to 5), 

T 1 represents a carbonyl group, 

a group -CH(R 18 )- (in which R 18 represents a hydrogen atom, an alkyl group, a hydroxyalkyl group, an alkoxy- 
alkyl group, a carboxyalkyl group, an alkoxycarbonylalkyl group, an aryl group, an aralkyl group, a heteroaryl 
group, a heteroarytalkyl group or an aminoalkyl group in which the amino moiety may have a substrtuent) or 
a group -C(=NOR 19 )- (in which R 19 represents a hydrogen atom, an alkyl group, a carboxyalkyl group, an 
alkoxycarbonyl group, an aryl group, an aralkyl group, a heteroaryl group, a heteroarylalkyl group or an ami- 
noalkyl group in which the amino moiety may have a substrtuent), 

X 1 and X 2 each independently represents a methine group or a nitrogen atom]; salt thereof; or solvate thereof. 
A sulfonyl derivative according to claim 1 , wherein the following group: 




in the formula (I) is a group of the following formula: 
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10 

(wherein R 2 , R 4 , R 5 , X 1 and X 2 have the same meanings as defined above); salt thereof; or solvate thereof. 

3. A sulfonyl derivative according to claim 1 or 2, wherein R 4 represents a halogen atom; salt thereof; or solvate 
thereof. 

15 

4. A sulfonyl derivative according to any one of claims 1 to 3, wherein Q 1 represents a phenyl group which may have 
a substituent, an imidazolyl group which may have a substituent, a pyridyl group which may have a substituent, a 
pyrimidinyl group which may have a substituent, a pyrrolidinyl group which may have a substituent, a tetrahydroth- 
ienopyridyl group which may have a substituent or a tetrahydrothiazolopyridyt group which may have a substituent; 

20 salt thereof; or solvate thereof. 

5. A sulfonyl derivative according to any one of claims 1 to 4, wherein Q 2 represents a single bond, phenylene group, 
cydohexylene group or cyclohexenylene group; salt thereof; or solvate thereof. 

25 6. A sulfonyl derivative according to any one or claims 1 to 5, wherein Q 3 represents a group of the following formula: 



R 8 R 9 



30 




[wherein R 8 , R 9 , a, b and c have the same meanings as defined above]; salt thereof; or solvate thereof. 

7. A sulfonyl derivative according to any one of claims 1 to 6, wherein T 1 represents a carbonyl group; salt thereof; or 
40 solvate thereof. 

8. A medicament comprising as an effective ingredient a sulfonyl derivative, salt thereof or solvate thereof as claimed 
in any one of claims 1 to 7. 

45 9. An inhibitor for an activated coagulation factor X which comprises as an effective ingredient a sulfonyl derivative, 
salt thereof or solvate thereof as claimed in any one of claims 1 to 7. 

1 0. A coagulation inhibitor comprising as an effective ingredient a sulfonyl derivative, salt thereof or solvate thereof as 
claimed in any one of claims 1 to 7. 

50 

11. A preventive and/or remedy for a thrombosis or embolism which comprises as an effective ingredient a sulfonyl 
derivative, salt thereof or solvate thereof as claimed in any one of claims 1 to 7. 

12. A preventive and/or remedy for cerebral infarction, cerebral embolism, myocardial infarction, pulmonary infarction, 
55 pulmonary embolism. Buerger's disease, deep vein thrombosis, disseminated intravascular coagulation syndrome, 

thrombus formation after valve replacement, reocclusion after revascularization, formation of thrombus upon extra- 
corporeal circulati n or coagulati n upon blood collection, which comprises as an effective ingredient a sulfonyl 
derivative, salt thereof or solvate thereof as claimed in any one of claims 1 to 7. 
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1 3. A pharmaceutical composition comprising a sutfonyl derivative, salt thereof r solvate thereof as claimed in any one 
of claims 1 to 7; and a pharmaceutically acceptable carrier. 

14. Use of a sutfonyl derivative, salt thereof or solvate thereof as claimed in any one of claims 1 to 7 as a medicament. 

5 

1 5. Use of a sulfonyl derivative, satt thereof or solvate thereof as claimed in any one of claims 1 to 7 as an inhibitor for 
an activated coagulation factor X. 

1 6. Use of a sulfonyl derivative, salt thereof or solvate thereof as claimed in any one of claims 1 to 7 as a coagulation 
10 inhibitor. 

17. Use of a sulfonyl derivative, salt thereof or solvate thereof as claimed in any one of claims 1 to 7 as a preventive 
and/or remedy for a thrombosis or embolism. 

is 18. A method for treating a disease caused by a thrombosis or embolism, which comprises administering, to a patient 
suffering from the disease, a sutfonyl derivative, salt thereof or solvate thereof as claimed in any one of claims 1 to 
7. 

1 9. A method for treating cerebral infarction, cerebral embolism, myocardial infarction, pulmonary infarction, pulmonary 
20 embolism, Buerger's disease, deep vein thrombosis, disseminated intravascular coagulation syndrome, thrombus 
formation after valve replacement, reocclusion after revascularization, formation of thrombus upon extracorporeal 
circulation or coagulation upon blood collection, which comprises administering, to a patient therefrom, a sulfonyl 
derivative, satt thereof or solvate thereof as claimed in any one of claims 1 to 7. 
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